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PREFACE

The objective for the Active Solar Heating and Cooling Program (U.S. Department of
Energy) is to develop the technology base to allow the private sector to produce effi-
cient, economically competitive solar technology options for the marketplace. The pro-
gram encompasses a balance of research on systems, components, and materials. The
systems research directs the program through analysis of alternative, advanced concepts
in heating and cooling. Additionally, research in systems reliability provides data on
critical components and materials that affect long-term performance. The analysis and
reliability programs are augmented by a laboratory and field-test program that develops
data on experimental and state-of-the-art systems. These data identify design and oper-
ational problems and, thus, opportunities for research.

The Component and Materials Program performs research on advanced concepts that
have been identified by systems analysis to offer promise of being competitive with con-
ventional, nonrenewable energy sources. Key components, such as chillers, dehumidi-
fiers, heat exchangers, and collectors, are evaluated through modeling and testing to
improve energy delivery competitiveness. Advanced materials for these key components
are evaluated or modified to provide improved performance and lower cost.

This report presents an assessment of the energy savings possible from hybrid-
desiccant/vapor compression air conditioning systems and makes recommendations for
continued research to develop high performance systems competitive with conventional
cooling systems.

This work was performed under Task 1600.23, Desiccant Cooling Research, during
FY 1983 with funding provided by the U.S. Department of Energy's Office of Solar Heat
Technologies. The authors thank Terry R. Penney of SERI and John W. Mitchell of the
University of Wisconsin for their constructive reviews of this work.
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SUMMARY

Objective

This work assesses the energy savings possible from developing hybrid-desiccant/vapor-

compression air conditioning systems and makes recommendations for further research
into the concept.

Discussion

The idea of using desiccant dehumidifiers and vapor compression chillers to handle the
latent and sensible loads of a building has been considered for years as technically pos-
sible but impractical with the state of the art in commercially available components.
Recent advances in dehumidifier design for solar desiccant cooling systems have resulted
in dehumidifier geometries with low-pressure drop and high efficiency in heat and mass
transfer. These advances have prompted a new look at the hybrid concept.

A study was undertaken to investigate a number of hybrid system configurations for resi-
dential and small commercial applications. Dehumidifiers, heat exchangers, indirect
evaporative coolers, and vapor compression chillers were arranged into four configura-
tions to cover a range of design possibilities. The systems were sized to handle a 10-kW
(3-ton) air conditioning load at standard test conditions and then were analyzed for
steady state performance over a wide range of ambient conditions.

Conclusions and Recommendations

All of the hybrid desiccant/vapor compression systems showed substantial savings in
resource energy when compared to the best conventional systems with vapor compres-
sion. These savings ranged from 30% to 80%, depending on the operating conditions.

The simplest system configuration, consisting of dehumidifier and vapor compression sub~
systems in series, was found to be the best overall performer. It is likely to be the least
expensive to build and operate because of its simplicity. It is recommended that this
configuration be investigated in seasonal simulation to evaluate its performance under
transient load and operating conditions. Also, an experimental program to confirm the
performance predicted in this study is recommended.
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SECTION 1.0

INTRCDUCTION

Over the past several years, the (U.S. Department of Energy) Active Heating and Cooling
Program has sponsored research to develop competitive solar for cooling buildings. Part
of this research program investigated combinations of dehumidification and evaporative
cooling in solar-driven hybrid desiccant cooling systems. Desiccant cooling offers advan-
tages as an option for building air conditioning, including use of low-temperature solar
heat as the driving energy source, a broad range of residential and commercial building
applications, and minimal initial cost with simple and inexpensive operation.

The research has focused on understanding and improving the heat and mass transfer
characteristies of the dehumidifier component of desiccant cooling systems. In line with
this effort the study evaluated the steady-state performance of hybrid desiccant/vapor
compression systems, in a number of configurations, and compared the use of resource
energy to that of conventional air-conditioning systems. This study will evaluate the
potential for developing hybrid systems by using current knowledge in dehumidifier
design and will point the way for further research, if warranted.
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SECTION 2.0

BACKGROUND

2.1 SYSTEM CONFIGURATIONS

In general, the best solutions to complex problems use appropriate technology that com-
bines the features of several processes that meet the needs of the application. Com-
bining vapor compression cooling and desiccant dehumidification to air-condition
buildings is one example of this approach. As outlined in an earlier report [1], this com-
bination uses the best features of each to meet the cooling requirement.

Building loads have two components: sensible load and latent load. The sensible load
results from heat gain from high ambient air temperatures, solar and internal heat
sources and requires lowering the temperature of the building air. Latent load involves
lowering the humidity ratio of the air in the building and balancing the moisture gain
from humid air entering the building and the gain from internal sources.

Vapor compression systems are very good at providing sensible cooling. By having
building air eirculate over a chilled coil, the heat transfer from the air to the refrigerant
effectively lowers the air temperature. However, when the vapor compression system:
has to handle the latent load as well, the only method available is to cool the air past its
dew point and remove the excess moisture. To do so, the system must operate at a coil
temperature of 2°-7°C (35°-45°F), reducing the efficiency of the system. In addition, to
maintain the building at a comfortable state, the air leaving the evaporator of the vapor-
compression system must be reheated to the inlet state air temperature to maintain
equilibrium in the building. Figure 2-1a illustrates the processes involved on a
psychrometric chart for the commercial application where reheat is involved.

Desiceant cooling systems are very good at providing latent cooling by reducing the
humidity ratio of building air. However, when the desiccant cooling system must handle
the entire load, it overdries the process air so evaporative cooling can be used for the
sensible cooling. A typical recirculation cycle for the desiccant cooling system is shown
in Figure 2-1b.

Combining the ability of the desiceant dehumidifier to handle the latent load and the
ability of the vapor compression subsystem to meet the sensible cooling load leads to a
very efficient system. The dehumidifier subsystem needs to remove only enough
moisture to satisfy the building's needs, thereby reducing the size of the dehumidifier and
lowering the required regeneration temperature from the 700 to 80°C needed by the
desiccant cooling system to 50° to 60° for the hybrid system. The vapor compression
subsystem needs only to cool the process air to the required supply temperature and not
to the dew point temperature. As a result, the coil temperature can be raised from 7° to
13°C, which increases the efficiency of the system. The combination can be further
enhanced by using the heat rejected by the condenser of the vapor compression sub-
system to help regenerate the desiccant in the dehumidifier. This synergistic action
makes the hybrid system an energy efficient alternative to conventional building air-
conditioning systems. The processes of the hybrid system are shown on a psychrometric
chart in Figure 2-1c.
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2.2 CURRENT STATUS

The desiceant cooling systems discussed in Section 1.0 were proposed for residential
applications; most of the hybrid systems proposed to date were for commercial
applications.

A cooperative effort among ThermoElectron, Gas Research Institute (GRI), and Jewell
Supermarkets resulted in the installation of a hybrid system in a Jewell store [2]. In a
food store much of the sensible cooling is provided by the freezer and refrigeration
cases. Additional dehumidification is often required, however. By using a desiccant
dehumidifier to remove this moisture, the size of the vapor compression unit and the
electrical power consumed can be reduced substantially. Additionally, the freezer and
refrigeration cases can be operated more efficiently because less frost builds up.

The simple configuration of the components shown in Figure 2-2 is used in the Jewell
store. An adiabatic silica gel dehumidifier is used to dry ambient ventilation air. After
passing through a heat exchanger to remove a portion of the heat of adsorption, the
ventilated air is mixed with recirculated air and is sensibly cooled by the air conditioner
to the required inlet temperature. Many problems were encountered during the first year
of operation, yet results definitely indicated reduced energy use and economic viability.
System performance and control remain to be optimized as the study continues. A
similar system has been installed by Cargocaire in another supermarket [2]. '

Hybrid systems can also use liquid desiccant dehumidifiers. Gershon Meckler designed
and installed the system shown in Figure 2-3 in a Veterans Administration Hospital [3].
Outside ventilation air is dried by contact with a lithium chloride solution (with external
cooling) and passed to the vapor compression unit. The solution is regenerated by
heating it with solar energy or recovered waste heat and by subsequent contact with a
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Exhaust source -«

Heat
L J Exfiltration
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exchanger
o || Supermarket (3750 cfm)
Ventilation I |2 | |3 Transmission
(3750 cfm) 1 load
Generation -
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Figure 2-2. Hybrid System Configuration for Supermarket Application
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heated air stream. This hybrid system is expected to reduce building cooling costs by
25%-50%.

Current installations are in specialized applications because of unique cooling reguire-
ments and favorable economics. Researchers have analyzed a hybrid system for general
applications in small office buildings [4,5,6]. The system has an adiabatic silica gel
dehumidifier and is shown in Figure 2-4. Room air (1) is mixed with the required amount
of ventilation air (6) and dehumidified air (3). The air is then cooled {(4) tc near the
ambient wet-bulb temperature (9) in an indirect evaporative cooler. This system
removes much of the cooling loed from the vapor compression unit and is thermally
"free" cooling. The dehumidifier is regenerated by using combinations of scolar energy,
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condenser waste heat, and auxiliary energy. Simulations of this hybrid system show that
resource energy consumption can be reduced to 35%-55% of that used by a standard
vapor compression system [5,6]. The reduction depends on how much cooling can be
obtained from the indirect evaporative cooler. The indirect evaporative cooler is very
effective in dry climates, and energy savings can be large.

The current supermarket installations do not include solar energy systems and the sim-
ulations of solid desiccant hybrid systems for general applications were not favorable to
solar because most of the regeneration energy can be supplied by the condenser rejection
heat. Systems using liquid desiccants are particularly suitable for solar regeneration.
Many problems concerning system performance and control remain to be worked out; yet,
it is very encouraging that the hybrid systems discussed here were designed and installed
in commercial settings where economics are a major factor.
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SECTION 3.0
SYSTEM STUDIES
3.1 CANDIDATE SYSTEMS

In analyzing the performance characteristies of hybrid systems we found several choices
of configuration. Several components can be incorporated into the system to take
advantage of waste-heat recovery and environmental cooling. Each of these components,
such as heat exchangers and evaporative coolers, has advantages and disadvantages in
cost and performance,

Tc limit the breadth of the study, we made some assumptions about the type of hybrid
system that could eventually be commercially competitive. First, the systems to be con-
sidered would be limited to residential and small commercial sizes of 10 to 80 kW (3 to
25 tons) of cooling. Because the study uses laboratory-validated technology in solid
desiccant dehumidifiers, the practical limit for single-unit systems is determined by the
size of heat exchanger and dehumidifier wheels. To date, these units have been
constructed in sizes up to equivalent capacities of 80 kW, Second, the candidate systems
must use standard industrial equipment for the vapor compression subsystems and place
upper limits on evaporator and condenser temperatures (13°C and 60°C, respectively).
Third, the systems considered should be simpie. Although they will use energy-saving
components as much as possible, only one level of heat recovery or environmental cooling
will be used fo minimize expense and contrcl problems. System control and operating
strategies are discussed in subsequent secticns.

Using these basic assumptions, we chose four candidate systems for study:

1. Basic hybrid desiccant/vapor compression system. As shown in Figure 3-1, the
basic hybrid system combines desiceant dehumidifier and vapor compression
subsystems in series, with the vapor compression condenser and auxiliary heat
source providing regeneration -heat for the dehumidifier. The psychrometric
process for this candidate system is shown in Figure 3-1.

D
h

Hybrid desiccant/vapor compression system with heat recovery. Figure 3-2 shows
the second candidate systein, which includes a heat exchanger to remove part of
the heat of adsorption from the cooled air stream and to use it to preheat the
regeneration air stream. Figure 3-2 depicts the process path on a psychrometric
chart.

[N
o

Hybrid desiccant/vapor compression system with environmental cooling. An
indirect evaporative cooler is used fo cool the process air stream to reduce the
load on the vapor compression evaporator. Ambient air is evaporatively eooled
and then used in an air-to-air heat exchanger to lower the temperature of the
cooled air (Figure 3-3). The process path, including the evaporative cooling proc-
ess (dashed line), is shown in Figure 3-3,

4, Hybrid desiceant/vapor ccinpressicn sysiem with heat recovery and environmentsl
cooling. This eonfiguration uses the hest recovery wheel and indirect
evaporative cocler to push the energy zfficiency as far as possible. The system
layout is shown in Figure 3-4 with the key process paths shown in Figure 3-4.
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We studied the design-point performance of each of these systems at a number of

operating conditions.

This approach identified possible high-performance configurations

meriting further study regarding system integration, control, and operating economies.

3.2 ANALYSIS TOOLS

To analyze the performance of the desiccant/vapor compression hybrid systems, we
needed to define the analysis tools that could evaluate the steady-state performance of

the components and systems.

The key component, the dehumidifier, was modeled with

laboratory validation by the DESSIM computer model. Also, we used the MOSHMX



S=RN @ TR=2527

Exhaust Aux VC
8 l condr 5
‘? ¢ l«— Ambient
- 4DH}l—- -4HX}-- VC
evapr
1 .- 2 . .
0.030 g
E
o
— @)
8 0.020 T
“A. o
5 7 :o:
6 o
y
! : — 0.010 %‘
4 =
3 2 =
A T
i ! i { i I 0.000
10 20 30 46 50 60 70

Dry bulb temperature (°C)

Figure 3-2. System 2 Hybrid with Heat Recovery

finite-difference model for heat and mass transfer to independently verify test runs. We
used both models to predict the behavior of the parailel-passage dehumidifier operating
in a hybrid-desiceant/vapor-compression systeimn.

We modeled the performance of the vapor-compression subsveiem using manufacturer's
data from Carrier Corporation. These data provided information about the relative
afficiency of the subsystem with changes in evaporator and condenser {emperatures.
Carl Bergt of Trane Co. {8herman, Tex.) provided valuable information on the limitatione
of vapor-compression cyeles in hybrid-system operation.
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The heat recovery wheel used in two of the systems was modeled using information from
tests with parallel-passage heat exchangers conducted at Monash University (Australia)
[7]. These heat exchangers have an effectivenesses of up to 93%. The data from these
tests were used to determine the efficiency of the heat recovery at process conditions.

Performance data on the indirect evaporative cooler were obtained from the work of
Pescod [8] on a plate-type cross-flow heat exchanger in which one of the air streams is
evaporatively cooled by spraying water in the channel. This arrangement provides a low
sink temperature for the other air stream. An effectiveness of 90% was assumed in this
analysis. More detailed analysis is required in subsequent studies.

10
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3.3 CONTROL METHODS

In modeling the hybrid systems it was necessary to define analysis state points, control
strategies, and primary and secondary control parameters that the model would use to
define state point conditions.

The state points selected for the study are ranges of ambient conditions found in three
cities representing different climates and cooling loads: Miami, Fla., Columbia, Mo., and
Phoenix, Ariz. In a study of cooled-bed desiccant cooling cycles, Schultz [9] analyzed
TMY (typical metorological year) profiles of hourly weather data to define regions of
state conditions that could be encountered in these three cities (see Figure 3-5). From

11
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the regions defined in this study an analysis of the operation of the hybrid system showed
that the region of temperature and humidity above the ARI design point would be critical
to the analysis of the recirculation hybrid cycle, as shown in Figure 3-6. The points in
this region are the ambient state points used for this study.

To keep the systems as realistic as possible and to conform to industry practice, we made
several assumptions about the control methods for the hybrid system. Each component
requires an independent control subsystem since the system as a whole requires
controls. For the desiccant dehumidifier the primary control is regeneration
temperature. Since the dehumidifier will be called on to handle a variety of humidity
levels, the regeneration temperature and, consequently, the capacity of the dehumidifier
are most important to the hybrid system. Other parameters, such as the rotation speed
and air flow rate, are less desirable as controls sinece they exhibit high input and output
ratios on the control of outlet humidity ratio. The regeneration temperature of the air
exiting the vapor compression condenser is limited to 58°C (2°C approach to the 60°C
condenser operating temperature); so operating conditions requiring regeneration
temperatures above 58°C require auxiliary sources such as solar-generated thermal
sources.

Standard modulating methods control the vapor compression subsystem down to 50% of
rated capacity, which is the practical limit for commerecial systems. Operation below
that point would be controlled by cyeling or bypassing.

Another industrial standard included in the simulation is to change the process flow rate
as the load goes over the rated capacity of the unit. In this case the standard flow rate
of 0.67 kg/s for 10 kW of cooling (1200 sefm for 3 tons of cooling) is increased by 25% to
0.84 kg/s (1500 sefm) to handle higher cooling loads.

In all cases these assumptions ensure that system studies reflect performance in common
HVAC installations. Flow rates, fan and duct sizes, and control methods are consistent
with industrial practice. Also, the results can be extrapolated to auxiliary heat sources
(such as waste heat) other than solar heat input. The system only recognizes that a heat
source with a temperature of 60°C and above is present and able to supply sufficient
heat for regeneration.

12
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SECTION 4.0
RESULTS

The results of modeling the four hybrid systems are shown in Figures 4-1 through 4-4 as
performance maps over the range of outdoor conditions discussed in Section 3.0. The
graphs compare the power ratio of the energy consumption of the hybrid system with the
energy consumption of the conventional competition, a heat pump with a cooling coef-
ficient of 3.0 kW/kW.

The performance maps show that, in general, the hybrid systems can save from 10% to
90% of the electric consumption of a conventional system, depending on the operating
conditions. The range of conditions near the ARI outdoor design condition (35°C,
0.014 g/g) shows a plateau of performance values of 60% to 80% savings with the per-
formance changing significantly as the conditions range to extremes of a higher ratio in
humidity and temperature. Since the nature of this study was to define a system of given
size and determine its performance over a range of conditions, one expects the system to
perform best around its design point (the ARI state point) and to suffer in performance as
the conditions were driven farther from design. However, the systems were able to save
energy in almost every area of study.

To make some qualitative judgments among the different system configurations, we
compared the systems at certain points around the design point with varying tempera-
tures at a fixed humidity ratio. These comparisons are shown in Figures 4-5 through
4-9, As discussed earlier, System 1 is the basie hybrid configuration with the desiccant
dehumidifier in series with the vapor compression system using condenser waste heat to
regenerate the dehumidifier. System 2 adds a heat recovery wheel; System 3 includes an
indirect evaporative cooler; and System 4 includes both the heat exchanger wheel and the
indirect evaporative cooler,

In comparing Systems 1 and 2 the effect of adding the heat exchanger is a benefit only at
temperatures and humidities above the design point. Indeed, it is the same or lower in
performance at all other points. This is because the temperature levels and differences
present in the cycle are small and afford little benefit as preheat for the regeneration
process. Therefore, adding a heat exchanger, critical to the desiccant cooling system, is
not a benefit to the hybrid system and should not be part of a recirculation hybrid
system.

The comparison of Systems 1 and 3 is more interesting from a system design standpoint.
In previous studies [4,5,6] the indirect evaporative cooler was found to be an essential
part of a successful commercial hybrid system. In this study this conclusion is
substantiated for conditions higher than the design point but is detrimental for conditions
below the design point. In studying the details of the modeling results (see Appendix) the
reason becomes clear. At temperatures and humidities above the design point the indi-
rect evaporative cooler takes on a significant portion of the load that would normally be
the job of the vapor compression system. This benefits the system performance as a
whole. However, at temperatures and humidities below the design point the portion of
the load handled by the indirect evaporative cooler reduces the load on the evaporator
and, consequently, the amount of heat that the condenser can contribute to the
regeneration of the desiccant dehumidifier. As a result, auxiliary energy makes up the
difference, and the overall performance suffers. In general, using the indirect
evaporative cooler at temperatures above design point makes sense because of the
cooler's ability to aid the vapor compression subsystem. Using a variable effectiveness

for the evaporative cooler by bypassing the process air control of the water supplied to
the cooler could eliminate this problem.
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Figure 4-3. Performance Map of Hybrid System 3 for Varying Outdoor Conditions
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Figure 4-4. Performance Map of Hybrid System 4 for Varying Outdoor Conditions
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Figure 4-5. System Performance Comparisons at Varying Dry Bulb Temperatures
with Humidity Ratio = 0.12 g HyO/g air
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h s
if



S=Rl @ TR-2527

1.5 T | T I >
1.0
9
[
o
2
o
a
0.5
27 29 31 33 35 37
Temperature (°C)
o Sys #1 + Sys #2 O Sys #3 A Sys #4

Figure 4-7. System Performance Comparisons at Varying Dry Bulb Temperatures
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Figure 4-8. System Performance Comparisons with Varying Humidity Ratios at Dry
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Figure 4-9. System Performance Comparisons with Varying Humidity Ratios at Dry
Bulb Temperature = 35°C

As menticned earlier, using the heat exchanger had little benefit to the performance of
the hvbrid system,; and, therefore, System 4 has exactly the same performance char-
acieristics as Systemm 3. The combination of both energy-efficient components is not
warranted since all of the increase in performance is gained from the indirect evapora-
tive cooler of System 3.

The key finding of this analysis is that the hybrid system concept can save substantial
amounts of resource energy when compared fc the conventional system. When properly
d. the configuration of System 3 with a variable effectiveness, indirect

. It eould use environmental cooling when possible and still provide
he conventional vapor-compression subsystem. The flexibility and
a system are attractive from sn operating standpoint.
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SECTION 5.0

CONCLUSIONS AND RECOMMENDATIONS

This study shows that a packaged system with hybrid-desiceant/vapor-compression air-
conditioning can be a technically feasible alternative to conventional air-conditioning
systems. Resource energy savings of 30%-80% can be realized over a wide range of
operating conditions, when comparing steady-state performance of the hybrid with con-
ventional systems. These results show promise for developing energy-efficient, air-

conditioning by extending existing state-of-the-art technology and warrant further
research and analysis.

Seasonal simulations of the hybrid systems should be undertaken to establish realistic
energy savings when operating under variable loads and transient-operating conditions.
These system studies should include the simple System 1 studied in this report, where the
dehumidifier and vapor-compression subsystems are operated in series, and System 3,
which incorporates the indirect evaporative cooler. This analysis must also include
development and evaluation of control strategies for operating the various subsystems
together.

A laboratory experimental program to verify the analysis of the hybrid concept is
required. The effort should involve industrial participation from manufacturers of dehu-
midifiers and vapor-compression equipment. The project should confirm the accuracy of

the design tools used in this study and should measure system performance under actual
operating conditions.
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HYBRID SYSTEM ANALYSIS -~ System 1
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Ambient T (c 27.0 29.0 31.0 3.0 35.0
Ambient W (g/g) 0.0120 0.0120 0.0120 0.0120 0.0120
Ambient H (J/g) 57.77 39.83 &1.89 65.95 b6.01
Room T ) 26.7 26.7 26.7 26.7 26.7
Room W (g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/g} 04,92 54.92 54.92 S54.92 54.92
Bldg Load (kW) 1.92 3.29 4.467 6.05 7.43
Flow Rate (kg/s) 0.67 Q.47 0.67 Q.67 0.67
diWdT 0.00333 0.00043 0.00023 0.00016 0.00012
Supply T ) 26.4 24.4 22.4 20.4 18.4
Supply W (g/qg) 0.0100 0.0100 0.0100 0.0100 0.0100
Supply H {(J/q) 52.06 50.00 47 .94 45.88 43,82
DH Qut T ) 30.0 30.0 30.0 30.0 30,0
DH Out W (g/qg) 0.0100 0.0100 0.0100 0.0100 0.0100
DH Out H (J/g) 55.79 55.78 55.78 55.78 55.78
Regen T (C) 34.2 34.2 34.2 34.2 4.2
Regen W {g/g) 0.0120 0.0120 0.0120 0.0120 0.0120
Regen H (J/g) 65.19 65,19 &5.19 635.19 &5.19
VCE @ (kW) 2.50 3.88 5.26 h.63 B8.01
Load Ratio 0.24 Q.37 0.50 0.463 0.76
VvC COF (kW/ kW) 3.90 3.77 3.62 3.48 .33
VC Work (kW) Q.64 1.03 1.45 1.91 2.41
VvCC @ (kW) .14 4.91 6.70 8.54 10.42
Paoss VCC T (C) 31.6 3601 40.7 45.4 50.1
Max VCC T (<) 31.6 36.1 40.7 45.4 50.1
VCC W (g/g) 0.0120 0.0120 0.0120 0.0120 0.0120
VvCC H (J/q) &2.46 &7.164 71.90 76.70 B81.36
Aux G (kW) 1.82 €.00 0.00 0.00 0.00
Total @ Ckeld) 2.46 1.03 1.45 i.91 2.41
Conv Low T (c) 14.2 14.2 14,2 14.2 14,2
Conv Low W (g/g) 0.0100 0.0100 0.0100 0.0100 0.0100
Conv Low H (J/g) 39.51 39.30 39.80 39.50 39.50
Conv Qevap (kW) 10.32 10.33 10.33 10.33 10.33
lLoad Ratio 0.98 0.98 0.98 0.98 0.98
vC COF (kW/ kW) .48 3.40 3.32 3.24 3.16
Conv Wcomp (kW) 2.97 3.04 3.11 3.19 3.27
Convy Bcond (kW) 13.29 13.37 13.44 13.52 13.60
Reheat @ (kW) B.41 7.03 5.65 4.28 2.90
Total @ (k) 11.37 10.07 8.77 7.47 6.17
Pwr Ratio 0,22 0.10 0.17 0.26 0.39
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HYBRID SYSTEM ANALYSIS - System 1

Ambient T (<) 37.0 39.0 41.0 27.0 29.0
Ambient W (g/g) 0.0120 0.0120 0.0120 0.0140 0.0140
Ambient H (J/q) &8.07 70.13 72.19 &2.88 64,94
Room T () 26.7 26.7 26.7 26.7 26.7
Room W (g/qg) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/q) 54.92 54.92 54,92 54.92 54.92
Bldg Load (kW) 8.a81 10.19 11.57 5.33 bL.72
Flow Rate (kg/s) 0.67 0.67 - 0.84 Q.67 Q.67
didT 0.00010 0.00008 0.00007 0.01000 0.00130
Supply T (C) 16.4 14.4 15.2 26.4 24.4
Supply W {(g/g) 0.0100 0.0100 0.0102 0. 0080 0.0080O
Supply H (J/g) 41,76 39.70 41.10 446,95 44,89
DH Out T c) 30.0 30.0 29.2 36.9 36.9
DH Out W (g/q) 0.0100 0.0100 0.0102 0.0080 0.0080
DH Qut H (J7/g» 55.78 55.78 55.43 57.68 57.467
Regen T ) 34.2 4.2 32.5 49.4 49.4
Regen W (g/qg) G.0120 0.0120 0.0120 0.0140 0.0140
Regen H (J/q) 65.19 6£5.19 63.44 86.02 Bb.02
VCE @ (kW) ?.39 10.77 12.00 7.19 B.36
Load Ratio 0.89 1.02 1.14 0.68 0.81
vC COor (kW/ kW) 3.17 3.01 2.84 3.69 3.54
VC Work (kW) 2.96 3.58 4,20 1.95 2.42
vce @ (kW) 12.35 14.35 16.21 9.14 10.98
Poss VCC T (09 54.9 59.8 64.5 40.2 44,9
Max VCC T {0} 54.9 =58.0 58.0 40,2 44,9
VCC W {g/q) 0.0120 0.0120 0.0120 0.0140 0.0140
vCC H (J/g) 86.350 89.70 89.70 76.51 B81.33
Aux @ (kW) 0.00 Q.00 0.00 6.37 3.14
Total @ (kW) 2.96 3.58 4.20 8.32 5.56
Conv Low T o 14,2 14.2 14.5 10.8 10.7
Conv Low W (g/g) 0.0100 0.0100 0.0102 0.0080 0.0080
Conv Low H (J/q) 39.50 39.30 40,32 J0.98 30.95
Conv Gevap (kW) 10.33 10.33 12.22 16.04 16.06
Load Ratio 0.98 0.98 1.16 1.52 1.52
vC COoP (kW/ kW) 3.08 3.00 2.80 3.11 3.03
Conv Wcomp (kW) 3.36 3.45 4,36 S5.15 5.29
Conv Gcond (kW) 13. 49 13.78 16.58 21.19 21.35
Reheat @ (kW) 1.52 0.14 0.65 10.70 2.34
Total @ (kW) 4.87 3.59 9.01 15.85 14,63

Pwr Ratio 0.61 1.00 0.84 0.52 0.38
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HYBRID SYSTEM ANALYSIS - System 1
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Ambient T (c 31.0 33.0 35.0 37.0 32.0
Ambient W (g/g) 0.0140 0.0140 0.0140 0.0140 0.0140
Ambient H (J/g) 67.01 69.07 71.14 73.21 75.27
Room T <) 26.7 26.7 26.7 265.7 26.7
Room W (g/q) 0.0110 0.0110 0.0110¢ 0.0110 0.0110
Room H (J/g) 54.92 54.92 S54.92 54.92 54,92
Bldg Load (ki) 8.10 7.49 10.87 12.26 13.64
Flow Rate (kg/s) 0.67 0.67 0.84 0.84 0.84
didT 0.00070 0.0004B 0.00036 0.00029 0.00024
Supply T (C) 22.4 20.4 20.0 18.4 16.8
Supply W (g/g) 0. 0080 0. 0080 0. 0086 0.0086 0.0086
Supply H (J/q) 42.82 40.76 41.93 40.28 38.61
DH Out T () 36.9 36.9 33.6 33.6 33.6
PH QOut W {(g/q) 0.0080 0.0080 0. 0086 0.00B64 0.0086
DH Out H (J/7g) 57.65 57.65 55.82 55.81 55.80
Regen T (cH 4.4 49.4 43.0 4.0 43.0
Regen W (g/g) 0.0140 G.0140 0.0140 0.0140 0.0140
Regen H (J/q) B6.02 86.02 77.41 79.41 79.41
VCE @ (kW) .94 11.32 11.63 13.01 14.40
Load Ratio 0.94 1.07 1.10 1.23 1.37
vC COP {kW/ kW) 3.38 3.22 3.12 2.95 2.78
VC Work (kW) 2.94 3.51 3.73 4.40 S5.17
VCC @ (kW) 12.88 14,83 15.35 17.41 19.57
Poss VCC T o 49.6 54.4 37.2 62.1 67.3
Max VCC T (C) 49.6 54.4 57.2 58.0 58.0
VCC W {(g/g) 0.0140 0.0140 0.0140 0.0140 0.0140
VCC H (J/q) 8&.23 ?1.21 94.06 ?4.92 94.92
Aux B (kW) 0.00 0.00 Q.00 0.00 0.00
Total @ (kW) 2.94 3.91 3.73 4.40 5.17
Conv Low T () 10.7 16.7 i1.8 11.8 11.8
Conv Low W (g/g) 0. 0080 0. 0080 0.00846 0. 0086 0.008646
Conv Low H (J/g) 30,93 3J0.92 33.55 33.54 33.52
Conv Qevap (kW) 16.07 146.08 17.90 17.90 17.92
Load Ratio 1.32 1.52 1.70 1.70 1.70
vC COr (kW/ kW) 2.95 2.87 2.47 2.59 2.50C
Conv Wcomp (kW) S.44 5.40 &.71 6.73 7.16
Conv Gcond (kW 21.51 21.68 24.61 24.83 25.07
Reheat @ (kW) 7.97 6.59 7.03 S.65 4.26
Total @ (kW) 13.41 12.1%9 13.74 12.57 11.42
Pwr Ratiao 0.22 Q.29 Q.27 0,33 0.45
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Ambient T (cH
Ambient W (g/qg)
Ambient H (J/g)

Room T )
Room W (g/g)
Room H (J/q)

Bldg Load (kW)
Flow Rate (kg/s)

ddT

Supply T (c)
Supply W (g/g)
Supply H (J/7q)
DH Out T (c)
DH OQut W (g/qg)
DH Out H (J/q)
Regen T (c
Regen W {(g/q)
Regen H (J/q)
VCE @ (kW)
Load Ratio

ve COP (kW/ kW)
vC Work (ki)
VvCC @ (kW)
Poss VCC T c)
Max VCC T {0
VCC W {g/qg)
VCC H (J/g)
Aux @ (kW)
Total @ (kW)

Conv Low T ()
Conv Low W (g/qg)
Conv Low H (J/qg)
Conv Gevap (kW)
Load Ratio

vC COoP (k/ kW)
Conv Wcomp (kW)
Conv Gcond (kW)
Reheat G (ki)
Total @ (ki)

Pwr Ratio

27.0
0.0160
&7.98
26.7
0.0110
54.92
8.75
Q.67
0.01&6467
26.4
0.00&0
41.83
44,7
0.00&60
&0. 47
&8.5
0.0160
111.04
12.49
1.18
3.39
3.69
16.17
S50.3
50.3
0.0160
92.12
12.68
16.37

6.5

0. 0060
21.58
22.33
2.12
2.467
8.38
30.71
13.57
21.95

0.75

26.7
0.0110
94.92
10.14
Q.67
0.00217
24.4
0.0060
39.76
44.7
0.0060
&0.44
&8.5
0.0160
111.04
13.85
1.31
3.22
4.30
18.14
59. 1
55.1
0.0160
97.164
?.30
13.61

6.5
0.00460
21.52
22.37
2.12
2.58
B. &6
31.04
12.22
20.88

0.65
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31.0
0.01&0
72.13
26.7
0.0110
S54.72
11.53
0.84
0.00116
23.2
0.0070
41.13
38.7
0.0070
546.87
S54.6
0.0160
4. 61
13.1%9
1.25
3.18
4.14
17.33
95.9
55.9
0.0160
97.99
0.00
4.14

8.7
0.0070
26. 36
23.92
2.27
2.39
10.02
33.94
12.37
22.39

0:.19

33.0
0.0160
74.20
26.7
0.0110
o54.92
12.92
0.84
0.00079
21.6
0.0070
39.47
8.7
0.0070
S4.86
o4. 6
0.0160
76.61
14,57
1.38
3.01
4.84
19.40
&£0.9
58.0
0.0160
100.14
0.00
4.84

8.7
0.0070
26.33
23.74
2.27
2.31
10.38
34.32
11.00
21.38

0.23

35.0
0.0160
76.27
26.7
0.0110
4. 92
14.31
0.84
0. 00040
20.0
0.0070
37.81
38.7
0.0070
56.85
S54.6
0.01460
Fb6.61
15.95
1.51
2.84
S.62
21.56
66.0
S8. 0
0.0160
100.14
0.00
S. 62

8.7

0.0070
26.31
23.95
2.27
2.23
10.76
34.72
.63
20.39

0.28



HYBRID SYSTEM ANALYBIS — System 1
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Ambient T (Cy 37.0 27.C 29.0 31.0 3Z%.0
Ambient W (g/g) 0.0160 0.0180 ©.0180 20,0180 0.0180
Ambient H {(J/g} 78.35 73.08 75.16 77 .24 79.32
Room T (C) 2&.7 2&.7 2&.7 26.7 26.7
Room W {(g/qg) 0.0110 G.011¢ 0.0110 ¢.0110 0.0110
Foom H {(J7q) 54,92 54,92 54,92 54,92 94.92
Bldg Load (kW) 15.70 12.17 13.57 14,94 16.35
Flow Rate (kg/e=) 0.84 0.84 0. 84 0.84 0.84
dwdT 0.00049 0.02333 €.00304 ¢©.001&63 0.00111
Supply T (C) i8.4 26.5 24.9 23.2 21.6
Supply W {g/g) G. 0070 Q.0054 G. 0054 0.0054 C. 0054
Supply H (/g Z6.18 40,36 x8.70 37.03 358.37
DH Dut 71 (C) 8.7 4.9 43.9 43.9 4.9
DH DQut W {g/qg} 0.0070 C.0054 0.00324 Q.0034 0.0054
DH Out H 1J1/g} Sé4.84 58.10 58.07 58.04 58.02
Regen T {C S54.6 67.3 &7.5 67.5 67.5
Regen W {g/q) 0.01&0 0. 0180 .0180 0.0180 0.0180
Regen H (J/qg) 24,61 115.26 115.26 115. 26 115.26
VCE @ (kW) 17.33 14.86 16.22 17.60 18.97
Load Ratio i.64 i-41 1.94 1.67 1.80
VO COoP Cheld/ ki) 2.7 3.23 2.06 2. 89 2.71
VO Work W) &. 50 4,59 5. 30 q.10 7 .00
vee @ (ki) 2%.83 19.45 21.52 2%5.69 25.98
Fass VCO T (C) 71.3 54.9 5%.9 65.0 70,2
Max VCC T () a8.0 S54.9 58.0 58.0 8.0
VOO W (g/g) C.0160 0.0180 2.,0180 ¢.0180 00,0180
VCE H (J/g? 100.14 102.11 105. 346 105. 34 105, 36&
Aux B (kW) Q. Q0 g.80 &.63 6. 63 6.63
Total @ (kW) &.50 13.40 11.93 12.73 13.44
Conv Low T () 8.7 4,9 4.8 4.8 4.8
Cornv Low W (g/q) G. 0070 0.0054 C. 0054 0.0054 0.0054
Conv Low H (J/g) 26,30 i8.41 18.34 18. 29 18,24
Conv Revap (kW 23.97 30.97 20.63 30.68 30.72
Load Ratia 2:.27 2. %0 2. %0 2:71 2.91
Ve COF (kW/ kW) Z2.14 2.04 1.94 i.87 i1.79
Conv Wcomp (kW) i1.18 14,97 15.64 16.37 17.18
Conv Bcond (kW) 33.14 45,54 48,27 47 .04 47 .86
Reheat @ (ki) 8.25 i8.3%9 17.05 15.7C 14,35
Total @ (kW) 12.43 3334 32.69 32.07 F1.49
Fwr Ratio 0.33 0. 40 0.37 0. 40 0.43
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HYBRID SYSTEM ANALYSIS ~ System 1
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Ambient T c) 35.0 27.0 29.0 31.0 33.0
Ambient W (g/g) 0.0180 0.0200 0.0200 0.0200 0.0200
Ambient H (J/g) 81.41 78.18 80.27 82.346 84.45
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room W {g/qg)} 0.0110 0.0110 0.0110 0.0110 ©.0110
Room H (J/q) 54,92 54.92 54.92 54.92 54.92
Bldg Load (kW) 17.75 15.59 16.99 18.39 19.79
Flow Rate (kg/s) O.84 Q.84 0.84 Q.84 0.84
dWdT 0.00084 0,.03000 0.00391 0.00209 0.00143
Supply T (C) 20.0 26.5 24.9 23.2 21.6
Supply W {g/q) 00,0054 0.0038 0.0038 0.0038 0.0037
Supply H (J/g) 33.70 346,28 J4.61 32.94 31.27
DH Qut T () 4%.9 50.4 50.4 50.4 50.4
DH Out W (g/g) 0.0054 0.0038 Q.0Q38 0.0038 0.0037
PH Out H (J/q) 58.00 60.56 &60.52 &0.48 60,45
Regen T (C) 67.5 B&.4 B8&.6& 86.6 86.6
Regen W (g/qg} 0.0180 0.0200 0.0200 0.0200 0.0200
Regen H (J/g) 115.26 140.50 140,50 140,50 140,50
VCE @ (kW) 20.35 20.34 21.70 23.07 24.44
Load Ratio 1.93 1.93 2.06 2.19 2.32
vC COP {kW/ kW) 2.53 2.85 2.47 2.49 2.31
VC Work (kW) 8.04 7.13 8.12 .26 10.59
vCee @ (k) 28.39 27.47 29.82 Z2. 33 35.03
FPoss VCC T (C) 78.7 &b, 2 71.6 77.2 83.0
Max VCCO T () 58.0 S8.0 58.0 58.0 58.0
VCC W (g/qg) 0.0180 Q. 0200 0.0200 0.0200 0.0200
VCC H (J/g) 105.36 110.57 110.57 110.57 110.57
Aux G (kW) b. 63 20.05 20.08 20,05 20.03
Total @ (k) 14. 68 27.18 28.17 29.31 30.64
Conv Low T () 4,7 2.0 2.0 2.0 2.0
Conv Low W (g/g) 0.0054 0.0038 ©.0038 0.0038 0.0037
Conv Low H (J/gQ) 18.20 11.50 11.46 11.43 11.39
Conv Revap (kW) 30.75 36,356 36.39 I6.42 36.435
Load Ratio 2.92 3.45 3.45 3.45 .44
vC CoprP (kW7 kW) 1.71 1.59 1.51 1.43 1.35
Conv Wcomp (kW) 18.00 22.80 24,07 25.47 27.04
Conv Bcond (kW? 48.73 59.15 &0. 446 b1.89 &£3.49
Reheat G (ki) 12.99 20.75 19.39 18.02 16.65
Total @ (kW) 30.98 43%.55 43,45 4% .49 42.68
Pwr Ratio Q.47 Q.62 Q.68 Q.47 Q.70
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Ambient T ] 27.0 29.0 31.0 33.0 35.0
Ambient W (g/g) 0.0120 0.0120 0.0120 0.0120 C.0120
Ambient H (J/q) 57.77 59.83 &1.89 63.95 646.01
Room 7T (C) 26.7 26.7 26.7 26.7 26.7
Rocom W (g/q) 0.0110 0.0110 0.0110 0.01i0 0.0110
Room H (J/g) 54.92 594.92 S54.92 54,92 54.92
Bldg Load (k) 1.92 3.29 4,487 6.05 7.43
Flow Rate (kg/s) 0.67 Q.67 0.67 0.67 Q.67
diwdT 0.00333 0.00043 0.00023 0,00016 0.00012
Supply T 1§09 26.4 24.4 22.4 20.4 18.4
Supply W (g/g) 0.0100 0.0100 ©.0100 0.0100 0.0100
Supply H (J/g) 52.06 50.00 47 .94 45,88 43.82
DH Out T (C) 30.0 30.0 30.0 30.0 30.0
DH Out W (g/qg) 0.0100 0.0100 0.0100 0.0100 0.0100
DH Out H (J/g) 55.79 55.78 S55.78 55.78 55.78
HX Lo T (C) 28.0 30.0 30.0 30.0 30.0
HX Lo W {g/qg9) 0.0100 0.0100 0.0100 0.0100 0.0100
HX Lo H {(J/g) 53.70 55.74 55.78 55.78 55.78
Regen T (C) 34,2 34,2 34,2 34.2 34.2
Regen W {g/q) 0.0120 0.0120 0.0120 0.0120 0.0120
Regen H (J/g) 65.19 6£5.19 65.19 &5.19 65.19
HX Hi T () 29.0 29.0 31.0 33.0 35.0
HX Hi W {(g/qg) 0.0120 0.0120 0.0120 0.0120 0.0120
HX Hi H (J/g) 59.87 59.87 61.89 &3.95 bé&. 01
VCE @ (kW) 1.10 3.85 5.26 b.63 8.01
Load Ratio 0.10 0.36 0,30 0.63 .76
VC Caor (kW/ kW) 3.95 X.77 3.63 3.48 3.33
vC Work (ki) 0.28 1.02 1.45 1.91 2.41
VCC @ (kW) 1.38 4,87 6.70 B.54 10.42
Poss VCC T (C) 29.0 36.1  40.7 45.4 S50.1
Max VCC T (c) 29.0 36.1 40.7 45.4 SG.1
VCC W {g/q) 0.0120 0.0120 0.0120 0.0120 0.0120
vCC H (J/g) 59.83 &7.10 71.90 76.70 81.56
Aux B Ckeld) 3.59 0.00 0.00 0.00 0.00
Total @ (ki) 3.87 1.02 1.45 1.91 2.41
Conv Low T (C) 14,2 14.2 14,2 14,2 14,2
Conv Low W (g/g) 0.0100 0.0100 ¢.0100 0.0100 0.0100
Conv Low H (J/qg) 39.51 39.50 37.50 39.50 39.30
Conv Bevap {kW) 10.32 10.33 10.33 16.33 10.33
Load Ratio 0.98 0.98 0.78 0.98 0.%8
vC COF {kW/ kW) .48 3.40 3.32 3.24 3.16
Conv Wcomp (kW) 2.97 3.04 .11 3.19 3.27
Conv Gcond (ki) 13.29 13.37 13.44 13.52 13.60
Rehreat O (kW 8.41 7.03 5. 65 4,28 2.90
Total @ (kW) 11.37 10.07 8.77 747 6.17
Fwr Ratio .34 G.10 0.17 0.26 Q.39
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Ambient T (c) 37.0
Ambient W (g/g) 0.0120
Ambient H (J/qg) &8.07
Room T (c 26.7
Room W {g/q) 0.0110
Roam H (J7g) 54.92
Bldg Load (kW) 8.81
Flow Rate (kg/s) 0.67
didT 0.00010
Supply T ") 16.4
Supply W (g/qg) 0.0100
Supply H (J/q) 41.76
DH Qut T () 30.0
DH Out W (g/ql 0.0100
DH Out H (J/g) 55.78
HX Lo T (CH 30.0
HX Lo W (g/q) 0.0100
HX Lo H (J/g) 95.78
Regen T () 34.2
Regen W (g/q) 0.0120
Regen H (J/g) 65.19
HX Hi T {C) 37.0
HX Hi W {g/qg) 0.0120
HX Hi H (J/g) 68.07
VCE @ (kW) ?.39
Load Ratio 0.89
vC Cor (kW/kW) 3.17
VC Work (kW) 2.76
VCC @ (kW) 12.35
Paoss VCC T ) 54.9
Max VCC T ] 54.9
VCC W (g/g) 0.0120
VEC H (J/q) 86.30
Aux @ (kW) Q.00
Total @ (kW) 2.96
Conv Low T (C) 14.2
Conv Low W (g/qg) 0.0100
Conv Low H (J/g) 39.30
Conv Revap (kW) 10.33
Load Ratio Q.98
vC CoP (kW/ kW) 3.08
Conv Wcomp (kW) 3.36
Conv Bcond (kW) 13.6%
Reheat @ (kW) 1.52
Total @ (kW) 4.87
Pwr Ratio 0.61

37.0
0.0120
70.13
26.7
0.0110
54.92
10.19
0.67
0. 00008
14.4
0.0100
39.70
30.0
0.0100
55.78
30.0
0.0100
59.78
34.2
0.0120
65.19
32.0
0.0120
70.13
10.77
1.02
3.01
3.58
14.35
59.8
S58.0
0.0120
B89.70
0.00
3.58

14.2
0.0100
39.50
10.33
0.98
3.00
3. 45
13.78
Q.14
3.59

1.00

32

41.0
0.0120 0.0140
72.19 62.88
26.7 26.7
0.0110 0.0110
S54.92 S54.92
11.57 5. 33
0.84 0.67
0.00007 0.01000
15.2 26.4
0.0102 0.0080
41.10 46.95
29.2 36.9
0.0102 0.0080
55.43 57.68
29.2 28.0
0.0102 0.0080
55.43 48. 59
32.5 49.4
0.0120 0.0140
63.44 B&. 02
41.0 35.9
0.0120 0.0140
72.1%9 72.07
12.00 1.10
1.14 Q.10
2.86 3.95
4.20 0.28
16.21 1.37
64.5 29.0
58.0 29.0
0.0120 ©.0140
89.70 64.93
0.00 14.14
4.20 14.41
14.5 ©10.8
G.0102 0. 0080
40.32 30.98
12.22 14.04
1.16 1.52
2.80 3.11
4.34 S5.15
16.58 21.19
0.465 10.70
5.01 15.85
0.84 0.1

29.0
0.0140
&4.94
26.7
0.0110
S4.92
6.72
0.67
0.00130
24.4
0. 0080
44.89
36.9
0.0080
57.47
30.0
0.0080
S50.61
49.4
0.0140
B6. 02
35.9
0.0140
72.07
3.84
0.36
3.77
1.02
4.86
3&6.0 .
346.0
0.01490
72.19
.27
10.29

10.7
0. 0080
30.95
16.06
1,82
3.03
5.29
21.35
7.34
14.63

0.70



HYBRID SYSTEM ANALYSIS - System 2
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Ambient T (c) 31.0 33.0 35.0 37.0 37.0
Ambient W (g/g) 0.0140 0.0140 0.0140 0.0140 0.0140
Ambient H (J/qg) &7.01 &9.07 71.14 73.21 75. 27
Room T () 26.7 26.7 26.7 26.7 26.7
Room W (g/q) 0.0110 0.0110 0.0110 0.0110 0.0110
Roam H (J/qg) 54,92 54.92 54.92 54.92 54.92
Bldg Load (ki) 8.10 7.49 10.87 12.26 13.64
Flow Rate (kg/s) 0.67 Q.47 0.84 0.84 0.84
didT 0.00070 0.00048 0.00036 0.00029 0.00024
Supply T ) 22.4 20. 4 20.0 18.4 16.8
Supply W (g/q) 0. 0080 0.0080 0.0086 0.0084 0.0086
Supply H (J/q) 42.82 40,76 41.93 40.28 I8.61
DH OQut T ) 36.9 36.9 33.6 33.6 33.6
DH Out W {(g/qg) 0. 0080 0.0080 0.0086 0.0086 0.008s8
DH Out H (J/q) 57.65 597.465 55.82 55.81 55.80
HX Lo T {0y 32.0 34.0 33.6 33.6 33.6
HX Lo W (g/q) 0.0080 0. 0080 0.0086& 0.008s6 0.008s6
HX Lo H (J/q) 52.465 54. 468 55.82 55.81 55.80
Regen T (cH 49.4 49.4 43.0 4%.0 43.0
Regen W (g/q) 0.0140 0.0140 0.0140 0.0140 ¢.0140
Regen H (J/g? 86.02 B86.02 79.41 79.41 79.41
HX Hi T (c) 35.9 35.9 35.0 37.0 39.0
HX Hi W (g/q) 0.0140 0.0140 0.0140 0.0140 0.0140
HX Hi H (J/qg) 72.07 72.07 71.14 73.21 75.27
VCE B (kW) é~. 58 .33 11.63 13.01 14.40
l.oad Ratio 0.62 ¢.88 1.10 i.23 1.37
vyC Capr (kW/ kW) 3.96 3.34 3.12 2.95 2.78
VC Work (kW) 1.85 Z2.80 3.73 4.40 5.17
VCC @ (kW) 8.43 12.13 15.35 i7.41 19.57
FPoss VCC T () 43,2 S50.5 57.2 62.1 67.3
Max VCC T (459 4%, 2 50.5 57.2 58.0 58.0
vEC W (Q/g) 0.0140 0.0140 0.0140 0.0140 0.0140
VCC H (J/qg) 79.59 87.18 F4.06 94,92 94.92
Aux @ (kW) 4.31 0.00 0.00 0.00 0.00
Total @ (kW) h.16 2.80 3.73 4.40 S5.17
Conv Low T () 1.7 10.7 i1.8 i1.8 11.8
Conv Low W {(g/g) Q. 0080 0.0080C 0.008& 0.00864 0. 0086
Conv Low H (J/qg) 30.93 30.92 3%.95 33.54 33.52
Conv fQevap (kW) 16.07 16.08 i7.90 17.90 17.92
Load Ratio 1.82 1.52 1.70 1.70 1.70
vyC COF (kWi 2.95% 2.87 2.47 2. 59 2,30
Conv Woomp (kW) D.44 e 60 &, 71 &.93 716
Conv Ocanmd (kW 21.51 21,68 Z24. 61 24.83 25.07
Reheat & () 7.97 . 59 703 5. &5 4,24
Total 8 (ki) 13. 413 i2.19 1Z.74 12.57 11.42
Pwr Katio 0. 464 Q.23 0.27 0.35 - 0.45
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Ambient T (c) 27.0 29.0 31.0 332.0 35.0
Ambient W (g/g) 0.0160 0.01460 0.0160 0.0160 0.0160
Ambient H (Jd/qg) &7.98 70.05 72.13 74.20 7&.27
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room W (g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H {J/g) 54.92 54.92 54,92 54.92 S54.92
Bldg Load (kW) 8.75 10.14 11,53 12.92 14.31
Flow Rate (kg/s) 0.67 Q.67 - 0.84 0.B4 0.84
ddT 0.01647 0.00217 0.00116 0.00077 0.000&0
Supply T (C) 26.4 24.4 23.2 21.6 20.0
Supply W (g/qg) 0.00&0 Q. Q0AO 0.0070 0.0070 0.0070
Supply H (J/7q) 41.83 39.76 41.13 39.47 37.81
DH Dut T (c) 44,7 44.7 38.7 38.7 38.7
DH Out W (g/q) 0.0060 0. 00460 0.0070 0.0070 0.0070
DH Out H (J/g) 60.47 60.44 56.87 Sh.86 56.83
HX Lo T (C) 28.0 30.0 32.0 34.0 36.0
HX Lo W (g/q) 0. 0060 0.0040 0.0070 0.0070 0.0070
HX Lo H (J/qg) 43.46 45,47 S50.06 52.09 54,12
Regen T (cy 68.5 68.5 S54.6 54.6 594.6
Regen W (g/g) 0.0160 0.01860 0.01&0 0.0160 0.0160
Regen H (J/g) 111.04 111.04 96.61 6. 61 ?6.61
HX Hi T 1§59 43.7 43.7 37.7 37.7 37.7
HX Hi W {g/g) 0.01460 0.0160 0.0160 0.0160 0.0160
HX Hi H (J/q) 85. 30 85.30 79.05 7%.05 79.05
VCE @ (ki) 1.09 3.83 7.48 10.57 13.66
Load Ratio 0.10 0.36 0.71 1.00 1.29
vC COF CkW/ kW) 3.95 3.77 3.82 3.26 2.99
VC Work (kW) G.28 1.01 2.13 3.24 4.56
v @ (kW) 1.37 4.84 2.61 13.80 i8.22
Poss VCC T (C) 29.0 36.0 44.8 S52.9 &1.2
Max VCC T o 29.0 36.0 44.8 52.9 58.0
VCC W (g/qg) 0.0160 0.0140 0.0160 0.01460 0.01460
vCC H (J/7g) 70.02 77.28 84.47 94.80 100.14
Aux @ (e} 27.48 22.62 &.80 1.21 0.00
Total @ (ki) 27.76 23.464 8.92 4.45 4.56
Conv Low T (C) &£.5 6.5 8.7 8.7 8.7
Conv Low W (g/g) 0.0060 0.0060 0.0070 0.0070 0,0070
Conv Low H (J/g) 21.58 21.52 26.34 26.33 26.31
Conv Bevap (kW 22.33 22.37 23.92 23.94 23.95
Load Ratio 2.12 2.12 2.27 2.27 2.27
ve CopP (kW/ kW) 2.67 2.58 2.39 2.31 2.23
Conv Wcomp (kW) 8.38 8. 46 10.02Z 10.38 10.76
Conv Gcond (kW) 30.71 31.04 33.94 34,32 34.72
Reheat & (kW) 13.57 12.22 12,37 11.00 ~ 9.63
Total @ (kW) 21.95 20.88 22.39 21.38 20.39
Pwr Ratio 1.26 1.13 0. 40 0.21 0.22
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Ambient T ) 37.0 27.0 29.0 31.0 33.0
Ambient W (g/g) G.0160 0.0180 0.0180 0.0180 0.0180
Ambient H (J/g) 78. 35 73.08 75.16 77.24 79.32
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room W (g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/q) S54.92 S54.92 54.92 S54.92 54.92
Eldg Load (kW) 15.70 12.17 13.57 14.96 16.35
Flow Rate (kg/s) 0.84 .84 0.84 0.84 c.84
ddT 0.00049 0.02333 0.00304 0.00163 0.00111
Supply T () 18.4 26.5 24.9 23.2 21.6
Supply W {(g/qg) 0.0070 0. 0054 0.0054 0.0054 0.0054
Supply H (J/7g) 36.15 40.36 38.70 37.03 35.37
DH Out T (c) 38.7 43.9 43.9 43.9 4.9
DH Out W (g/g) 0.0070 0.0054 0.0054 0.00354 0.0054
DH Out H (J/g) 56.84 58.10 58.07 58.04 58.02
HX Lo T (cy 8.0 28.0 30.0 32.0 34.0
HX Lo W {g/q) 0, 0070 0.0054 0.0054 0.0054 0.0054
HX Lo H (J/qg) S56.15 41.93 43.93 45.%94 47.95
Regen T {09 54.6 &7.5 67.5 &7.5 67.5
Regen W (g/q) 0.0160 0.0180 0.0180 0.0180 0.0180
Regen H (J/qg) 96.61 115.26 115.26 115.26 115.26
HX HL T (cy 37.7 42.9 42.9 42.9 42.9
HX Hi W (g/g) 0.0160 0.0180 0.0180 0.0180 0.0180
HX Hi H (J/g9) 79.05 B89.463 B9.463 89.63 89.43
VCE © (ki) 16.75 1.31 4.38 7.46 10.54
Load Ratio 1.59 0.12 0.42 0.71 1.00
vC cor (kW/ kW) 2.71 3.94 3.75 3.52 3.27
VC Work (kW) 6.19 0.33 1.17 2.12 3.23
vce @ (kW) 22.94 1.64 5.55 2.58 13.76
Poss VCC T () 70.0 29.4 37.0 44,7 S52.7
Max VCC T (C) 58.0 29.4 37.0 44.7 52.7
VCC W (g/g) 0.01460 0.0180 0.0180 0.0180 0.0180
VCC H (J/q) 100.14 75.54 83.45 ?1.54 99.87
Aux @ (kW) 0.00 26.61 21.31 15.89 10.31
Total @ (kW) 6.19 26.94 22.48 18.01 13.54
Conv Low T (<) 8.7 4.9 4.8 4.8 4.8
Conv Low W (g/qg) 0.0070 0.0054 0.0054 0.0054 0.0054
Conv Low H (J/q) 26.30 18.41 18.34 18.29 18.24
Conv RBevap (kW) 23.97 30.57 30.63 30.48 30.72
Load Ratio 2.27 2.90 2.90 2.91 2.91
vC COP (kW/ kW) 2.14 2.04 1.96 1.87 1.79
Conv Wcomp (kW) 11.18 14.97 15. 64 16.37 17.15
Conv BQcond (kW) 35.14 45.54 46.27 47.04 47.86
Reheat G (kW) 8.25 18.39 17.05 15.70 14.35
Total @ (kW) 19.43 33.36 32.69 32.07 31.4%9
Pwr- Ratio 0.32 0.81 0.69 0.56 - 0.43
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Ambient T () 35.0 27.0 29.0 31.0 33.0
Ambient W (g/g) ©0.01B0 0.0200 0.0200 0.0200 0.0200
Ambient H (J/q@) 81.41 78.18 80.27 82.36 84.45
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room W (g/g) ©0.0110 0.0110 0.0110 0.0110 0.0110
Room H J/q) 54,92 54,92 S54.92 54.92 54,92
Bldg Load (kW) 17.75 15.59 16.99 18. 39 19.79
Flow Rate (kg/s) 0.84 0.84 - 0.84 0.84 0.84
dwdT 0.00084 ©.03000 0.00391 0.00209 0.00143
Supply T () 20.0 26.5 24.9 23.2 21.6
Supply W  (g/g) ©0.0054 0.0038 0.0038 0.0038  0.0037
Supply H  (J/g) 33.70 36.28 34.61 32.94 31.27
DH Out T () 43.9 50. 4 50. 4 50. 4 50. 4
DH Out W  (g/g) ©0.0054 0.0038 0.0038 0.0038 0.0037
DH Out H  (J/g) 58. 00 60.56 £0.52 60.48 60.45
HX Lo T (C) 36.0 28.0 30.0 32.0 34.0
HX Lo W (g/g) 0.0054 0.0038 0.0038 0.0038 0.0037
HX Lo H (3/9) 49,97 37.84 39.83 41.82 43.82
Regen T () 67.5 86.6 B6.6 86.6 B6.64
Regen W (g/g) 0.0180 0.0200 0.0200 0.0200 0.0200
Regen H (J/g) 115.26 140.50 140.50 140.50  140.50
HX Hi T () 42.9 49,4 49.4 49.4 49.4
HX Hi W (g/g) 0.0180 ©0.0200 0.0200 0.0200 0.0200
HX Hi H 3/q) B9.63 101.58 101.58 101.58 101.58
VCE @ (kW) 13.62 1.31 4,37 7.44 10.51
Load Ratio 1.29 0.12 0.41 0.71 1.00
vC COP (kW/ kW) 2.99 3.94 3.75 3.52 3.27
VC Work (kW) 4,55 0.33 1.17 2.11 3.22
vee @ (kW) 18.17 1.64 5.54 9.55 13.72
Poss VCC T  (C) 61.0 29.3 36.9 44.6 52.6
Max VCC T () S8.0 29.3 36.9 44,4 52.6
VCC W (g/g) 0.01B0 0.0200 0.0200 0.0200 0.0200
VCC H (3/9) 105.36 80. 63 88.54 96.61  104.93
Aux @ (kW) 4. 63 40,11 34.82 29.40 23.83
Total @ (kW) 11.18 40.44 35.98 31.52 27.05
Conv Low T () 4,7 2.0 2.0 2.0 2.0
Conv Low W (g/g) ©0.0054 0.0038 0.0038 0.0038 0.0037
Conv Low H (J/g) 18. 20 11.50 11.46 11.43 11.39
Conv Bevap (kW) 30,75 36. 36 36,39 36,42 36.45
Load Ratio 2.92 3.45 3.45 3. 45 3. 46
vC COP (kW/KW) 1.71 1.59 1.51 1.43 1.35
Conv Wecomp  (KW) 18.00 22.80 24.07 25.47 27.04
Conv @cond (kW) 48.75 59.15 &0. 846 61.89 63. 49
Reheat @ (kW) 12.99 20.75 19.39 1B.02 = 16.65
Total @ (kW) 30.98 43.55 43.45 43.49 43.68
Pwr Ratio 0.36 0.93 0.83 0.72 0.62
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Ambient T
Ambient W
Ambient H
Room T
Room W
Room H
Bldg Load
Flow Rate
dWdT
Supply
Supply
Supply
DH Out
DH Out
DH QOut
IEC Lo
IEC Lo
IEC Lo
Regen T
Regen W
Regen H
IEC HLI T
IEC Hi W
IEC Hi H
YCE @

Load Ratio
vC COP

VC Work
VCC @

Poss YCC T
Max VCC T
VCC W

VCC H

Aux @
Total @

T EATEACAITE A

lLow T
l.ow W
Low H
Conv Qevap
Load Ratio
yC COF
Conv Wcomp
Canv Gcond
Reheat @
Total @

Conv
Conv
Conv

Pwr~ Ratio

(C) 27.0
{g/q) 0.0120
(J/q) 57.77

(c) 26.7
(g/q) 0.0110
(J/g) S54.92

(kW) 1.92
(kg/s) Q.&7
0.00333

4] 26.4
(g/g) 0.0100
(J/qg) 52.06

(C) 30.0
(g/qg) 0.0100
(d/7q) 55.79

) 26.4
(g/g) 0.0100
(J/g) S52.06

0 34.2
(g/g) 0.0120
(J/g) 65.19

) 20.8
{g/g) 0.0145
(Jd/g) 57.74

(kW) 0.00
0.00

(kW/ kW) 3.98
(kW) 0.00
(kW) Q.00

(o 27.0

nw 27.0
{(g/qg) 0.0120
(J/q) 57.77

(kW) 4,97
(kW) 4,97

0] 14.2
{(g/q) 0.0100
(J/7q) 39.51

(k) 1i0.32
0.98

(kiW/ kW) 3.48
TkiW) 2.97
(kW) 13.29
(ki) 8.41
(kW) 11.37
0. 44

29.0
0.0120
59.83
26.7
0.0110
54.92
3.29
0.67
0.00043
24.4
0.0100
S50.00
30.0
0.0100
S5.78
24.4
0.0100
S50. 00
34.2
0.0120
&5.19
21.5
0.0153
&0. 50
0.00
Q.00
3.90
0.00
0. 00
25.0
29.0
0.0120
59.83
3.59
3.59

14.2
0.0100
39.50
10.33
0.98
3.40
.04
13.357
7.03
10.07

0. 36

37

31.0
0.0120
&1.89
26.7
0.0110
54.92
4.67
0.&7
0. 00023
22.4
0.0100
47.94
30.0Q
0.0100
55.78
23.0
0.0100
48.57
4.2
0.0120
&5.19
22.0
0.0158
&2.29
0.42
0.04
.81
0.11
0.53
31.8
31.8
0.0120
&2, 68
1.468
1.79

14.2
0.0100
39.50
10,33
0.98
3.32
.11
13.44
S.465
8.77

0. 20

33.0
0.0120
&3.95
26.7
0.0110
S54.92
6. 05
0.&7
0.000146
20.4
0.0100
45.88
30.90
0.0100
55.78
24.0
0.0100
49.359
4.2
0.0120
65.19
2X.0
0.0163
&4.60
2.48
0.24
3. 466
0.68
3.1é
7.6
37.6
0.0120
&£8. 47
0.00
0.48

14.2
0.0100
39.50
10.33
0.98
3.24
3.19
i3.52
4.28
7.47

0.09

35.0
0.0120
66.01
26.7
0.0110
54.92
7.43
0.67
0.00012
18.4
0.0100
43.82
3G.0
0.0100
55.78
24.5
0.0100
S50.10
4.2
C.0120
65.19
23.95
0.0167
b&. 13
4.21
0.40
3.51
1.20
S.40
42.8
42.8
0.0120
74.08
0.00
1.20

14.2
0.0100
39.30
10.33
0.968
3.1&
3.27
13.60
Z2.90
b.17

0.19



HYBRID SYSTEM ANALYSIS ~ System 3

Ambient T (C) 37.0 39.0 41.0 27.0 27.0
Ambient W (g/g) 0.0120 0.0120 0.0120 0.0140 0.0140
Ambient H (J/qg) 68.07 70.13 72.19 &2.88 64.94
Room T (C) 26.7 26.7 2&6.7 26.7 26.7
Room W {g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/g) 54.92 54.92 54.92 54.92 54.92
Bldg Load (kW) 8.81 10.19 11.57 5.33 b.72
Flow Rate (kg/s) 0.&7 0.67 0.84 Q.67 0.67
didT 0.00010 0.00008 0.00007 0.01000 0.00130
Supply T § 09 16.4 14.4 15.2 26.4 24.4
Supply W (g/q9) 0.0100 0.0100 0.0102 0.0080 0.0080
Supply H (J3/9) 41.76 39.70 41.10 46.95 44.89
DH Out T (c) 30.0 30.0 29.2 36.9 36.9
DH Out W (g/a) 0.0100 0.0100 0.0102 0.0080 0.0080
DH Out H (J/g) 55.78 o5.78 55.43 57.68 S57.67
IEC Lo T ) 25.3 25.8 26.3 26.4 24.4
IEC Lo W {(g/q) 0.0100 0.0100 0.0102 0.0080 0.0080
IEC Lo H (J/9) S50.92 S51.43 52. 46 46.95 44.89
Regen T () 34.2 34.2 32.5 49.4 49.4
Regen W (g/q) 0.0120 0.0120 0.0120 0.0140 0.0140
Regen H (J/g) &65.19 65.19 &63.44 B6.02 86.02
IEC Hi T 1199 24.3 24.8 25.3 22.0 22.5
IEC Hi W {(g/q) 0.0171 0.0175 0.0181 0.0160 0.01465
IEC Hi H (3/q9) &7.98 &9.32 71.57 &62.80 &4.59
VCE @ (kW) bH.14 7.86 ?.51 0.00 0.00
Load Ratio 0.38 0.75 0.90 0.00 0.00
ve COP (kW/ kW) 3. 35 3.18 3.01 3.98 3.90
Ve Work (kW) 1.83 2.47 .16 0.00 0.00
vcC @ (kW) 7.97 10.33 12.68 0.00 0.00
Poss VCC T ) 48. & 54.0 59.4 27.0 29.0
Max VCC T (C) 48. 6 54.0 58.0 27.0 29.0
VCC W (a/q) 0.0120 0.0120 0.0120 0.0140 0.0140
vCcC H (J/q) 792.96 85.55 8%.70 &2.88 64.94
Aux @ (kW) 0.00 0.00 0.00 15.51 14.12
Total @ (kW) 1.83 2.47 3.16 15.51 14.12
Conv Low T (<) 14.2 14.2 14.5 10.8 10.7
Conv Low W (g/qg) 0.0100 0.0100 0.0102 0.0080 0.0080
Conv Low H (J/q) 3%2.50 39.50 40,32 30.98 30.95
Conv Bevap (kW) 10.33 10.33 12.22 16.04 16.06
Load Ratio 0.98 0.98 1.16 1.52 1.52
vC COFP (kW/ kW) 3.08 3.00 2.80 3.11 3.03
Conv Wcomp (kW) 3.36 3.45 4.36 5.15 S5.29
Conv Qecond (kW) 135.49 13.78 16.58 21.1%9 21.35
Reheat G (kW) 1.52 0.14 Q.65 10.70 ?.34
Total @ (ki) 4.87 3.99 5.01 15.85 14.463
Pwr Ratio 0.38 0. &% 0. &3 0.98 0.97
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HYBRID SYSTEM ANALYSIS ~ System 3
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Ambient T <) 31.0 33.0 35.0 37.0 39.0
Ambient W (g/g) 0.0140 0.0140 0.0140 0.0140 Q0.0140
Amhient H (J/qg) &7.01 6&?.07 71.14 73.21 75.27
Hoom T (c 26.7 26.7 26.7 26.7 26.7
Room W (g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Hoom H (J/g) 54.92 54.92 S54.92 54.92 54.92
Bldg Load (kW) 8.10 ?.49 10.87 12.26 13.44
tlow Rate (kg/s) Q.67 0.67 0.84 0.84 0.84
aWd T 0.00070 0.00048 0.00036 0.00029 0.00024
Hupply T ) 22.4 20.4 20.0 18.4 16.8
Hupply W (g/qg? 0.0080 0. 0080 0.0086 0.008s6 0. 0086
Hupply H (J/g) 42.82 40.76 41.93 40.28 38.61
DH Out T (C) 36.9 36.9 33.6 33.6 33.64
OH Out W (g/g) 0.0080 0.0080 0.0086 0.0086 0.0086
OM Out H (J/qg) S57.45 57.65 55.82 95.81 S55.80
IEC Lo T ) 24.3 25.1 25.9 26.4 27.2
IEC Lo W (g/g) 0.0080 0. 0080 0.0086 0.0086 0. 0084
[EC Lo H (J/g) 44.78 45.59 47.94 48.45 4%.26
Ragen T e 49.4 49.4 43.0 43.0 4%.0
Regen W {g/g) 0.0140 0.0140 0.0140 0.0140 0.0140
Regen H (J/9) 86.02 B86.02 79.41 79.41 79.41
IEC Hi T 159 23.3 24.1 24.9 23.4 26.2
IEC Hi W (g/9) 0.0172 0.0177 0.0182 0.0187 C.0194
IEC Hi H (J/7g) &7.20 &%.30 71.41 73.20 7%.82
VCE @ (ki) 1.31 3.24 5.03 &.84 8.92
Load Ratio 0.12 0.31 0.48 0.65 0.85
vC COP (kW/ kW) 3.78 3.63 3.48 3.31 3.12
VC Work (kW) 0.35 0.89 1.45 2.07 2.86
veC @ (kW) 1.66 4.13 6.48 8.91 11.78
Poss VCC T (C) 33.4 39.0 44.4 49.9 S56.0
Max VCC T ) 33.4 39.0 44.4 49.9 56.0
VCC W {(g/g) 0.0140 0.0140 Q0.0140 0.0140 Q.0140
VCC H (J7g) &%.4%9 75.24 80.81 B8b.50 ?2.85
Aux @ (kW) 11.08 7.23 0.00 0.00 0.00
Total @ (ki) 11.43 B8.12 1.45 2.07 2.86
Conv Low T (C) 10.7 10.7 11.8 11.8 11.8
CConv Low W (g/g) 0.0080 0.0080 0.0086 Q. 0086 0. 0086
lonv Low H (J/g) 30.93 30.92 33.53 33.54 33.52
Conv Qevap (kW) 16.07 14.08 17.90 17.90 17.92
| oad Ratia 1.52 1.52 1.70 1.70 1.70
vC COpP (kW kW) 2.95 2.87 2.67 2.59 2.50
Conv Wcamp (kW) 5.44 S5.60 &.71 6.93 7.16
Conv Recond (kW) 21.51 21.48 24.61 24.83 25.07
Reheat @ (kW) 7.97 &.59 7.03 S.65 4.26
lotal @ (kW) 13.41 12.19 13.74 12.57 11.42
Pwr Ratio 0.85 Q.67 O.11 0.16 - 0.25
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HYBRID SYSTEM ANALYSIS - System 3

Ambient T () 27.0 29.0 31.0 33.0 35.0
Ambient W (g/g) 0.014&0 0.01&0 0.0140 0.0160 0.0160
Ambient H (J/qg) &7.98 70.05 72.13 74.20 76.27
Room T ) 26.7 26.7 26.7 26.7 26.7
Room W (g/q) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/g) 54.92 54.92 54.92 o4.92 o4.92
Bldg Load (kW) B.75 10.14 11.53 12.92 14.31
Flow Rate (kg/s) 0.67 - 0.67 0.84 0.84 0.84
didT 0.01667 0.00217 0.00116 0.00079 0.000&0
Supply T (C) 26. 4 24.4 23.2 21.6 20.0
Supply W (g/g) 0. 0060 0.00&60 0.0070 0.0070 0.0070
Supply H (J/g) 41.83 39.76 41.13 39.47 37.61
DH Out T ) 44,7 44,7 38.7 3B8.7 38.7
DH Out W (g/qg) 0.00&0 0. 0060 0.0070 0.0070 0.0070
DH Out H (J/g) &0.47 60.44 56.87 546.86 56.85
IEC Lo T (c) 26.4 25.0 25.8 26.3 27.0
IEC Lo W (g/q9) 0.0060 0. 0040 0.0070 0.0070 0.0070
IEC Lo H (J/7g) 41.83 40.38 43.74 44,23 44.94
Regen T ) 68.5 68.5 S54.6 S4.6 S54.6
Regen W (g/qg) 0.01&0 0.0160 0.0160 0.01&0 0.0160
Regen H (J/7q) 111.04 111.04 ?6.61 F6.61 P6.61
IEC Hi T (C) 23.3 24.0 24.8 25.3 26.0
IEC Hi W (g/qg) 0.0177 0.0182 0.0187 0.0192 0.0198
IEC Hi H (J/g) &8.47 70.47 72.58 74.37 76.63
VCE @ (kW) 0.00 0.42 2.19 3.99 S5.97
Load Ratio 0.00 0.04 0.21 0.38 0.57
vC COP {kW/ kW) 3.98 .89 3.75 3.60 3.43
VC Work (kW) 0.00 0.11 Q.58 1.11 1.74
VCC @ (ki) 0.00 0.52 2.77 S5.10 7.71
Poss VCC T (C) 27.0 29.8 35.0 40.3 46.1
Max VCC T ) 27.0 29.8 35.0 40.3 446.1
VCC W (g/g) 0.0160 0.0160 0.0160 0.01&0 0.0160
ved H (J/g) &7.98 70.83 76.26& 81.81 87.74
Aux & (kW) 28.85 26.94 13.63 F.91 5.92
Total @ (kW) 28.85 27.05 14.22 11.02 7.4&5
Conv Low T (C) 6.5 6.5 8.7 8.7 8.7
Conv Low W (g/g) 0. 00&0 0. 0050 ¢. 0070 0.0070 0.0070
Conv Low H (J/g) 21.58 21.382 26. 36 26.33 26.31
Conv Bevap (kW) 22.33 22.37 23.92 23.94 23.95
Load Ratio 2.12 2.12 2.27 2.27 2.27
vC COFrP (kW/ kW) 2.467 2.58 2.39 2.31 2.23
Conv Wcomp (kW) 8.38 8. 66 10.02 10.38 10.76
Conv Bocond (kW) 30.71 31.04 33.94 24,32 34.72
Reheat @ (ki) 13.57 12.22 12.37 11.00 7.63
Total @ (kW) 21.95 20.88 22.39 21.38 20.3%9
Fwr Ratio 1.31 1.30 0.64 0.52 0.38
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HYBRID SYSTEM ANALYSIS -~ System 3
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Ambient T () 37.0 27.0 29.0 31.0 33.0
Ambient W (g/g) 0.0160 0.0180 0.0180 0.0180 0.0180
Ambient H (J/qg) 78.35 73.08 75.16 77 .24 79.32
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room W (g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/7g) 54.92 54.92 54.92 54,92 94.92
Bldg Load (kW) 15.70 12.17 13.57 14.96 16.35
Flow Rate (kg/s) 0.84 0.84 0.84 0.84 0.84
dwWdT 0.00049 0.02333 0.00304 0.00163 0.00111
Supply T (C) 18.4 26.5 24.9 23.2 21.6
Supply W {(g/g) 0.0070 0.0054 0.0054 0.0054 0.0054
Supply H (J7/q) 36.15 40,36 38.70 37.03 35.37
DH Qut T ) 38.7 43.9 43.9 43.9 43.9
DH Out W (g/g) 0.0070 0.0054 0.0054 0.0054 0.0054
DH Out H (J/qg) 56.84 58. 10 58.07 58.04 58.02
IEC Lo T () 27.8 26.5 26.0 26.8 27.4
IEC Lo W (g/qg) 0.00Q070 0.0054 0.0054 0.0054 0. 0054
IEC Lo H (J/g) 45.73 40,36 39.86 40, 65 41,24
Regen T (c) 54.6 &7.5 &7.5 &7.5 &7.5
Regen W {g/q) 0.0160 0.0180 0.0180 0.0180 0.0180
Regen H (J/g) 26.61 115.26 115.26 115.26 115,26
IEC Hi T ) 26.8 24.2 25.0 25.8 26.4
IEC Hi W (g/q) 0.0205 0.0190 0.0195 0.0203 0.0207
IEC Hi H (J/qg) 79.25 72,72 74.82 77.70 79.34
VCE @ (kW) 8.04 0.00 0.98 3.03 4,92
Load Ratio 0.74& 0,00 0.09 0,29 0.47
vC COP (kW/ kW) 3.25 3.98 3.87 3.72 3.56
VC Work (kW) 2.47 0.00 0.25 0.81 1.38
VCC @ (kW) 10.51 0.00 1.23 3.84 6.30
Poss VCC T () 52.1 27.0 30.8 36.5 42.0
Max VCC T () 52.1 27.0 30.8 36.5 42.0
VCC W {(g/qg) 0.0140 0.0180 0.0180 0.0180 0.0180
VCC H (J/g9) 94,03 73.08 77.00 82.98 88.72
Aux @ (kW) 1.72 28.26 25,463 21.62 17.78
Total @ (kW) 4,20 28.26 25.89 22,44 19.14
Conv Low T {)} 8.7 4.9 4.8 4.8 4.8
Conv Low W (g/qg) 0.0070 0.0054 0.0054 0.0054 0.0054
Conv Low H (J/qg) 26.30 18.41 18.34 18.29 18.24
Conv Qevap (kW) 23.97 30.57 30.43 30.468 30.72
Load Ratio 2.27 2.90 2.90 2.91 2.91
vC cof (kW/ kW) 2.14 2.04 1.96 1.87 1.79
Conv Wcomp (kW) 11.18 14.97 15.64 16.37 17.15
Conv GQcond (kW) 35.14 45.54 446,27 47 .04 47.864
Reheat 0 (ki) 8.25 18.39 17.05 15.70 14.35
Total @ (kW) 19.43 33.36 32.69 32.07 31.49
Pwr Ratio 0.22 0.85 0.79 0.70 - 0.61
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HYBRID SYSTEM ANALYSIS - System 3
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Ambient T 03] 5.0 27.0 29.0 31.0 33.0
Ambient W (g/g) 0.0180 0.0200 0.0200 0.0200 0.0200
Ambient H (J/qg) 81.41 78.18 80.27 B2.36 84,45
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room W (g/q9) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/7g) 54.92 S54.92 54,92 54.92 54.92
Bldg Load (kW) 17.75 15.59 16.99 18.39 19.79
Flow Rate (kg/s) 0.84 0.84 0.84 0.84 0.84
diwdT 0.00084 ©0.03000 0.00391 0.00209 0.00143
Supply T ) 20.0 26.5 24.9 23.2 21.6
Supply W (g/q) 0.0054 0.0038 0.0038 0.0038 0.0037
Supply H (J/g) 33.70 36.28 34.61 32.94 31.27
DH Out T (C) 43.9 50.4 50.4 50.4 50.4
DH Out W (g/g) 0.0054 0.0038 0.0038 0.0038 0.0037
DH Out H (J/g) 58. 00 60.56 60.52 60.48 60.45
IEC Lo 7T {99} 28.0 26.5 27.2 28.0 28.5
IEC Lo W {(g/q) 0.0054 0.0038 0.0038 0.0038 0.0037
IEC Lo H (J/qg) 41.83 36.32 36.99 37.76 38.24
Regen T () &7.5 86.6 B&. 6 B6. 46 B8&.6
Regen W (g/q) 0.0180 0.0200 0.0200 0.0200 0.0200
Regen H (J/q) 115. 26 140,50 140,50 140.50 140,50
IEC Hi T (C) 27.0 25.5 26.2 27.0 27.5
IEC Hi W {g/g) 0.0214 0.0208 0.0213 0.0218 0.0223
IEC Hi H (J/9) B1.7& 77.89 80. &6 82.78 84,58
VCE @ (kW) 6.81 0.03 1.99 4,04 5.84
Load Ratio 0.&5 « 00 0.19 0.38 0.55
vC COF (kW/ kW) 3.39 3.98 3.84 3.48 3.52
VC Work (kW) 2.01 0.01 0.52 1.10 1.46
veC & (kW) 8.81 0.04 2.51 S5.14 7-30 .
Poss VCC T ) 47.86 27.1 32.6 8.3 43.7
Max VCC T () 47.6 27.1 32.6 38.3 43,7
VCC W {g/g) 0.0180 0.0200 ¢. 0200 0.0200 0.0200
vCC H (J/q) 24,546 78.25 84.02 20.03 5. 64
Aux @ (kW) i3.87 41.71 37.84 33.81 30.06
Total @ (kW) 15.87 41,72 38. 36 34,91 31.72
Conv Law T (c) 4,7 2.0 2.0 2.0 2.0
Conv Low W (g/g) 0.0054 0.0038 0. 0038 0.0038 0. 0037
Conv Low H (J/qg) 18.20 11.50 11.46 11.43 11.39
Conv BQevap (kW) 30.75 346.36 36.39 36.42 356.45
Load Ratio 2.92 3.45 3.45 .45 3.464
vC COF (kW/ kW) 1.71 1.89 1.51 1.43 1.35
Conv Wcomp (kW) 18.00 22.80 24.07 25.47 27.04
Conv Bcond (kW) 48.75 59.15 &0. 44 &1.89 = 4&%.49
Reheat Q@ (k) 12.99 20.75 19,39 18.02 16.65
Total @ (ki) 30.98 43.55 43%.45 43.49 43. 48
Pwr Ratio 0.51 0.94 0.08 0.80 0.73
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HYBRID SYSTEM ANALYSISE - System 4
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Ambient T (Cy 27.0 29.0 31.0 33.0 35.0
Ambient W (g/qg) 0.0120 0.0120 Q.0120 0.0120 0.0120
Ambient H (J/g) 57.77 59.83 &61.89 63.95 66.01
Room T (C) 26.7 26.7 26.7 26.7 26.7
Room @W {(g/qg) 0.0110 0.0110 G.01190 0.0110 0.0110
Room H (J/7g) 54,92 54.92 54.92 54.92 54.92
Bldg Load (kW) 1.92 3.29 4,67 6.05 7.43
Flow Rate (kg/s) Q.47 0.67 Q.67 Q.67 Q.67
dWdT 0.00333 0.00043 0.00023 0.000146 0.00012
Supply T ) 24. 4 24.4 22.4 20.4 18.4
Supply W {g/qg) 0.0100 0.0100 0.0100 0.0100 0.0100
Supply H (J/79) 52.06 50.00 47.94 45.88 43.82
DH Out T c) 30.0 30.0 30.0 30.0 30.0
DH Out W (g/g) 0.0100 0.0100 0.0100 0.0100 Q0.0100
DH Dut H (J/qg) 55.79 55.78 55.78 55.78 55.78
HX Lo T o 28.0 30.0 32.0 34.0 34.0
HX Lo W (g/q) 0.0100 0.0100 0.0100 0.0100 0.0100
HX Lo H {J/q) 53.70 55.74 57.79 59.84 61.89
IEC Lo T (c) 26.4 24.4 23.0 24.0 24.5
IEC Lo W {g/q) 0.0100 0.0100 0.0100 0.0100 0.0100
IEC Lo H (Jd/g) 52.06 50.00 48.57 49,39 50.10
Regen T (Ci 34.2 34.2 34,2 4.2 34.2
Regen W (g/q) 0.0120 0.0120 0.0120 0.0120 0.0120
Regen H (J/q) 65.19 &5.19 &5.19 65.19 55. 19
HX Hi T < 29.0 29.0 29.0 29.0 29.0
HX Hi T {g/qg) Q.0120 0.0120 0.0120 0.0120 0.0120
HX Hi T (J/7q) 59.87 59.87 59.87 59.87 59.87
IEC Hi T o} 20.8 21.3 22.0 23.0 23.5
IEC Hi W {(g/g’ 0.0145 0.0153 0.0158 0.0163 0.014&7
IEC Hi H (J/7g) 57.74 60.50 62,29 &4. 40 66,13
VCE @ (kW) 0.00 0.00 Q.42 2.48 4,21
Load Ratio 0.00 . 0. 00 0.04 0.24 0.40
vC COoP {(kW/ kW) 3.98 3.90 .81 .66 3.51
VC Work (kW) 0.00 0.00 0,11 0.4&8 1.20
vCC @ (kW) 0.00 0.00 0.53 3.16 5.40
FPoss VCC T ) 27.0 29.0 Ii.8 37.6 42.8
Max VCC T {9 27.0 29.0 31.8 37.6 42.8
VCC W (g/g) 0.0120 G.0120 0.0120 0.0120 0.0120
vCC H (J/g) 57.77 59.83 b2, 68 &8. 47 74.08
Aux @ (kW) 4,97 3.99 1.68 0.00 Q.00
Total @ (kW) 4.97 3.59 1.79 0.68 1.20
Conv Low T (cy 14.2 1i4.2 14.2 14,2 14.2
Conv Low W (g/qg) 0.0100 0.0100 0.010D 0.0100 0.0100
Conv Low H (J/g) 29.51 39,50 39.50 39.50 39.50
Conv Gevap (kW) 10.32 10.33 10.33 10.33 10.33
Load Ratio 0.98 0.98 0.98 0.98 0.98
vC COP CkW/ ki) .48 .40 3. 32 3.24 .16
Conv Wcamp (ki) 2.97 3. 04 3.11 F.19 3.27
Conv Bocond (kW) 13.29 13.37 13.44 13.52 13. &0
Reheat @ Cholad} B.41 7.0% 5.468 4,28 2.90
Totael @ (il 11.37 10.07 8.77 7.4F h.17
Pwr Ratio .44 G. 34 G, 20 G, a7 .19
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HYBRID SYSTEM ANALYSIS - System 4

Ambient T {c)
Ambient W (g/g)
Ambient H (J/q)
Raom T c)
Room W (g/g)
Room H (J/g)
Bldg Load (kW)
Flow Rate (kg/s)
dWdT

Supply T <y
Supply W (g/q)
Supply H (J/q)
DH Out T (c)
DH Out W {g/7q)
DH Dut H (J/q)
HX Lo T ()
HX Lo W {g/q)
HX Lo H (J/q)
IEC Le T o
IEC Lo W (g/q)
IEC Lo H (J/g)
Regen T ()
Regen W {g/qg)
Regen H (J79)
HX Hi T ()
HX Hi T {g/q)
HX Hi T (Jd/qg)
IEC Hi T ()
IEC Hi W (g/q)
IEC Hi H (J/7qg)
VCE @ (kW)
Load Ratio

vC COP (kW/ kW)
VC Work (kW)
vee @ (kW)
Foss VCC T (C)
Max VCC T ()
VeC W (g/g)
VCC H (J/qg)
Aux @ (kW)
Total B (kW)
Conv Low T )
Conv Low W (g/qg)
Conv Low H (J/Q)
Conv Bevap (kW)
Load Ratic

VC COF (kW/ ki)
Conv Wcomp (kW)
Conv Rcond (kW)
Reheat @ (ki)
Total @ (kW)
Pwr Ratio

37.0
0.0120
68.07
26.7
0.0110
S54.92
B8.81
0.67
0.00010
16.4
0.0100
41.76
30.0
0.0100
55.78
38.0
0.0100
63.95
25.3
0.0100
50.92
34.2
0.0120
65.19
29.0
0.0120
S59.87
24.3
0.0171
67.98
6.14
0.58
3.35
1.83
7.97
48.6
48. 6
0.0120
79.96
Q.Q0
1.83

14.2
0.0100
39.50
10.33
0.98
3.08
3.36
13. 69
i.52
4.87

0.38

39.0 41.0
0.0120 0.0120
70.13 72.19
26.7 26.7
0.0110 0.0110
=4, 92 o4.92
10.1%9 11.57
Q.67 0.84
0.00008 0.00007
14.4 15.2
0.0100 0.0102
39.70 41.10
30.0 29.2
0.0100 0.0102
S55.78 S55.43
40.0 42.0
0.0100 0.0102
66.00 68.57
25.8 26.3
0.0100 0.0102
S51.43 S2.46
34.2 32.5
0.0120 0.0120
£5.19 63.44
29.0 28.2
0.0120 0.0120
S59.87 S%.01
24.8 25.3
0.0175 0.0181
62.52 71.57
7.86 2.51
Q.75 0.%0
3.18 3.01
2.47 3.16
10.33 12.468
S54.0 S9.4
S4.0 8.0
0.0120 0.0120
85.55 89.70
0.00 Q.00
2.47 3.16
14.2 14.5
0.0100 0.0102
3%2.50 40.32
10.33 12.22
0.98 1.16
3.00 2.80
3.45 4.36
13.78 16£.58
0.14 0.45
3.59 5.01
Q.69 0.63
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27.0
0.0140
62.88
26.7
0.0110
54.92
S5.33
0.67
0.01000
26.4
0.0080
44.95
36.9
0.0080
S57.68
28.0
0. 0080
48.59
26.4
0.0080
46.935
49.4
0.0140
B86.02
35.9
0.0140
72.07
22.0
0.0160
62.80
0.00
0.00
3.98
0.00
0.00
27.0
27.0
0.0140
&2.88
15.51
15.51

1i0.8
0.00B0O
30.98
16.04
1.352
3.11
S5.15
21.19
10.70
15.85

0.98

0.0110
54.72
6.72
0.67
0.00130
24.4
0.0080
44.89
36.9
Q.0080
S57.47
30.0
0.0080
S0.61
24.4
0.0080
44,89
49.4
0.0140
86.02
35.9
0.0140
72.07
22.5
0.0165
64.5%9
0.00
0.00
3.90 .
0.00
0.00
29.0
2%.0
0.0140
&4.94
14.12
14,12

10.7
0.0080
30.95
16.04
1.52
3.03
5.29
21.35
?.34
14,463

0.97
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HYBRID SYSTEM ANALYSIS - System 4

IR VIR TR WL S e PR WD Sma WG S S Ve M R S e S e S et SOy M W W S S AN S A S NSRS AT W S S M Ml M M S W YA D IR RN SN O Su s v S e Y MUK P R el W G

Ambient T (c) 27.0 29.0 31.0 33.0 35.0
Ambient W (g/gQ) 0.0160 0.0160 0.0160 0.0140 0.01460
Ambient H (J/q) &7.98 70.05 72.13 74,20 76.27
Room T {C) 26.7 26.7 26.7 26.7 26.7
Room W {g/qg) 0.0110 0.0110 0.0110 Q.0110 ©.0110
Room H (J/q) S54.92 54.92 54.92 S54.92 54.92
Bldg Load (kW) 8.75 10.14 11.53 12.92 14.31
Flow Rate (kg/s) 0.67 0.4&7 0.84 0.84 0.84
dWdT 0.016467 ©0.00217 0.00116 0.00079 0.000&60
Supply T (C) 26.4 24.4 22.2 Z21.6 20.0
Supply W (g/qg) 0.004&0 0.0040 0.0070 0.0070 0. 0070
Supply H (J/gy  41.83 39.74 41.13 39.47 37.81
DH Qut T () 44,7 44,7 38.7 38.7 38.7
DH Out W (g/qg) Q.0060 0.0060 0.0070 0.0070 0.0070
DH Out H (J/q) &0.47 &£0.44 54.87 5&4.864 54,85
HX Lo T (c) 28.0 0.0 32.0 34.0 X56.0
HX Lo W (g/q) 0. 0060 0. 00&0 0.0070 0.0070 0.0070
HX Lo H (J/g) 43.46 45,47 S50.06 52.09 54.12
IEC Lo T (c) 26.4 25.0 23.8 26.3 27.0
IEC Lo W (g/qg) 0.0060 0. 0060 0.0070 0.0070 0.0070
IEC Lo H (J/7g) 41.83 40,38 42,74 44, 2% 44.94
Regen T (c) &8.5 &48.5 94.6 S54.6 54.4
Regen W {g/qg) 0.0160 0.0140 0.0160 0.0140 0.01&0
Regen H (J/g) 111.04 111.04 4. 61 4. 61 P6.61
HX Hi T (cy 43.7 435.7 7.7 37.7 37.7
HX Hi T (g/qg) 0.0160 0.01460 0.0160 0.01460 0.0160
HX Hi T {(J/qg) 85. 30 B85. 30 79.08 79.05 79.05
IEC HIi T ) 23.3 24.0 24.8 25.% 26.0
IEC Hi W (g/qg) G.0177 0.0182 0.0187 0.0192 0.0198
IEC Hi H (J/g) &8.47 70.47 72.58 74.37 76.63
VCE @ (kW) 0.00 0.42 2.19 3.99 5.97
Load Ratio 0.00 0.04 0.21 0.38 0.57
vC CopP (kW/kW) 3.98 3.89 3.75 3.460 3.43
VC Work (kW) Q.00 0.11 0.58 1.11 1.74
vCC @ (kW) 0.00 Q.52 2.77 5.10 7.71
Poss VCC T () 27.0 29.8 35.0 40. X 44,1
Max VCC T () 27.0 29.8 35.0 40.3 46.1
VCC W (g/g) 0.0160 0.01460 0.0160 0.01460 0.01460
VvCC H (J/qg) &7.98 70.83 7&.26 81.81 §7.78
Aux @ (kW) 28.85 26.94 13.63 .91 5.92
Total @ (kW) 28.85 27.05 14,22 11.02 7 .65
Convy Low T (Ch 6.5 b.D 8.7 8.7 8.7
Conv Low W (g/Q) 0.0040 0.00460 0.0070 C. 0070 0.0070
Conv Low H (J/g) 21.58 21.852 26.36 26.33 26.31
Conv Bevap (kW) 22.33 22.37 23.92 23.94 23.95
Load Ratio 2.12 2.12 2.27 2.27 2.27
vC COoP (kW/ kW) 2.867 2.568 2.39 2.31 o 2.2%
Conv Wcomp (kW) 8.38 8. 66 10.02 10.38 10.7&
Conv Bcond (kW) 30.71 Z1.04 33.94 34,32 34,72
Reheat @ (kW) 13.57 12,22 12.37 11.00 .63
Total @ (kW) 21.95 20.88 22.39 21.38 20.39
Pwr Ratio 1.31 1.30 0.64 0.52 0.38
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HYBRID SYSTEM ANALYSIS - System 4

Ambient T (E)
Ambient W (g/g)
Ambient H (J/g)

Room T (C)
Room W (g/q)
Room H (J/7g)

Eldg Load (kW)
Flow Rate (kg/s)
didT

Supply T (C)
Supply W (g/qg)
Supply H (J/qg)
DH Qut T )
DH Out W (g/g)
DH Out H (J/g)
HX Lo T (c)
HX Lo W (g/g)
HX Lo H (J/g)
IEC Lo T )y

IEC Lo W (g/q)
IEC Lo H {J/7g)

Regen T cH
Regen W (g/g)
Regen H (J/q)
HX Hi T c
HX Hi T (g/g)
HX Hi T (J/g)
IEC Hi T (c)

IEC Hi W  (g/g)
IEC Hi H (J/q)

VCE @ (kW)
Load Ratio

vC COP (kW/kW)
Ve Work (ki)
veo @ (kW)
Poss VCC T (C)
Max VCC T (C)
VCC W {(g/g)
VCC H (J/g)
Aux @ (kW)
Total @ (kW)

Conv Laow T )

Conv Low W (g/g)

Conv Low H (J/q)

Conv Qevap (kW)

Load Ratio

vC COr (klW/ kW)
Conv Wcomp (kW)

Conv Reond (kW)

Reheat Q (kW)

Total G (ki)

Fwr Ratio

37.0
0.01&0
78.35
26.7
0.0110
54.92
15.70
0.84
0.0004%
18.4
0.0Q070
36.15
38.7
0.0070
S56.84
8.0
0.0070
S6.15
27.8
Q.0070
45.75
S4.6
0.0160
Pb.61
37.7
0.0160
79.05
26.8
0.0205
79.25
8.04
0.76
3.25
2.47
10.51
S2.1
52.1
0.0160
?4.03
1.72
4,20

8.7
0.0070
26.30
23.97
2.27
2,14
11.1¢
35.14
8.25
19.43

0.22

27.0
C.0180
73.08
26.7
0.0110
54.92
12.17
0.84
0.02333
26.5
0.0054
40. 36
43.9
0.0054
58.10
28.0
0.0054
41.93
26.5
Q. 0054
40.36
&7.5
0.0180
115.26
42.9
0.0180
B89.63
24.2
0.0190
72.72
0.00
0.00
3.98
0.00

0.00

27.0
27.0
¢.0180
73.08
28.26
28. 26

4.9
0.0054
18.41
30.57
2:90
2.04
14.97
45.54
18. 39
33.36

0.85
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26.7
0.0110
54.92
13.57
0.84
0.00304
24.9
0.0054
38.70
43.9
0.0054
=8.07
0.0
0.0054
43.93
26.0
0.0054
39.86
&7.5
0.0180
115.26
42.9
0.0180
8%9.63
25.0
0.0195
74.82
0. 98
0.09
3.87
0.25
1.23
30.8
30.8
0.0180
77.00
25.63
25.89

4.8

0. 0054
18.34
30. 63
2.90
1.96
15.64
46,27
17.085
32.49

0.79

31.0
0.0180
77.24
26.7
0.0110
S54.92
14.96
0.84
0.00163
23.2
0.0054
37.03
43.9
0.0054
=8.04
32.0
0.0054
45.94
26.8
0.0054
40.65
67.5
0.0180
115.26
/2.9
0.0180
89.63
25.8
0.0203
77.70
.03
0.29
3.72
0.81
3.84
36.9
36.5
0.0180
82.98
21.62
22.44

4.8
0.0054
18.2%
30. 68
2.71
1.87
16.37
47.04
15.70
32.07

0.70

33.0
0.0180
79.32
26.7
0.0110
54.92
16.35
0.84
0.00111
21.6
0.0034
35.37
43.9
0.0054
38.02
34.0
0.0054
47.95
27.4
0.0054
41.24
&7.5
0.0180
115.26
42.9
0.0180
89.63
26.4
0.0207
79.34
4.92
0.47
S. 56
1.38
6.30
42.0
42.0
0.0180
B8.72
17.78
19.16

4.8
0.0054
18.24
30.72
2.71
1.79
17.15
47.8B6
14,35

- 31.49

0.&1



HYBRID SYSTEM ANALYSIS - System 4

Ambient T (C) 35.0 27.0 29.0 31.0 33.0
Ambient W (g/g) 0.0180 0.0200 0.0200 0. 0200 0.0200
Ambient H (J/79) 81.41 78.18 80.27 B82.36 B84.45
Room T ) 26.7 26.7 26.7 26.7 26.7
Room W {(g/g) 0.0110 0.0110 0.0110 0.0110 0.0110
Room H (J/7g) 54.92 S54.92 S54.92 54.92 S54.92
Bldg Load (ki) 17.75 15.59 16.99 18. 3% 19.79
Flow Rate (kg/s) 0.84 0.84 0.684 0.84 0.84
dWdT 0.00084 0.03000 0.00391 0.00209 0.00143
Supply T (C) 20.0 26.5 24.9 23.2 21.6
Supply W (a/g) 0.0054 0.0038 0.0038 0.0038B 0. 0037
Supply H (d/7/g)  33.70 36.28 34.61 32.94 31.27
DH Out T (L) 43.9 50.4 50.4 50.4 50.4
DH Out W {g/g) 0. 0054 0.0038 0.0038 0.0038 0.0037
DH Out H {(d/7g) =8. 00 60, 56 60.52 50.48 &0.45
HX Lo T () 36.0 28.0 30.0 32.0 4.0
HX Lo W (g/9) 0. 0054 0.0038 0. 0038 0.0038 0. 0037
HX Lo H (d/q) 49.97 37.84 39.83 41.82 4%.82
IEC Lo T 1)) 28.0 26.5 27.2 28.0 28.5
IEC Lo W (g/q) 0.0054 0.0038 0.0038 0.0038 0.0037
IEC Lo H (d/g) 41.83 36.32 36.99 37.746 38.24
Regen T {c) &7.5 8&4.6 B86.6 8&4.6 B8&.6
Regen W (g/q) 0.0180 Q. 0200 0.0200 0.0200 0.0200
Regen H (J/q) 115.26 140.50 140,50 140.50 140.350
HX Hi T o 42.9 49.4 49.4 49.4 49.4
HX H1 T {g/q) 0.0180 0.0200 0.0200 0.0200 0.0200
HX Hi T (J/9) 89%.63 101.58 101.58 101.58 101.58
IEC Hi T (C) 27.0 25.5 26.2 27.0 27.5
IEC Hi W (g/q) 0.0214 0.0205 0.0213 0.0218 0.0223
IEC Hi H (J/g) 81.76 77.89 80. 66 82.78 84.358
VCE @ (kW) &.81 0.03 1.99 4.04 5.84
Load Ratio 0.65 .00 0.19 0.38 0.35
vC Caor (kW/ kW) 3.39 3.98 3.84 3.68 3.92 -
VC Wark (kW) 2.01 0.01 0.52 1.10 1.46
VCC @ (kW) 8.81 0.04 2.51 S.14 7.30
Poss VCC T (<) 47.6 27.1 32.6 8.3 43.7
Max VCC T ) 47. 6 27.1 32.6 38.3 43.7
VCC W (g/q) 0.0180 0. Q200 0.0200 0.0200 0.0200
veC H (J/9) ?4.5646 78.25 84.02 0. 03 95. 64
Aux @ (kW) 13.87 41.71 37.84 33.681 30.06
Total Q CleW) 15.87 41.72 38. 36 34.91 31.72
Conv Low T () 4.7 2.0 2.0 2.0 2.0
Conv Low W (g/qg) 0.0054 0.0038 0.0038 0.0038 0.0037
Conv Low H (J/9g) 18.20 11.50 11.46 11.43 11.39
Conv Qevap (kW) 30.75 36.36 @ 36.39 36.42 36.45
Load Ratio 2.92 3.45 3.45 3.45 S.46
vC COP (kW/ kW) 1.71 1.59 1.51 1.43 - 1.35
Conv Wcomp (kW) 18.00 22.80 24.07 25.47 27.04
Conv Gcond (kW) 48.75 =59.15 &0. 46 61.89 63.49
Reheat @ (kW) 12.99 20.75 19.39 18.02 16.65
Total @ (kW) 30.98 43.55 43.45 43.49 43.68
Pwr Ratio 0.51 Q.96 0.88 0.80 0.73
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